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Abstract: An appraisal is made of the part played by lichens in the deterioration of stonework. Stone- 
and art- work in exposed and partially enclosed environments of Central Italy were examined in detail 
to identify those substrata most vulnerable to lichen attack. Assessment of relationships between par- 
ticular species and the physical and chemical nature of their substrata was carried out in order to de- 
termine the relative importance of lichens in biodeterioration processes obtaining in specific circumstan- 
ces, and to establish those species responsible for disfigurement and those causing actual destruction. 
Particular attention is paid to recent environmental changes conducive to increasing detrimental in- 
vasion of terracotta, mortar and painted plaster, and reference is made to examples of building ma- 
terials, statuary and other ornamental carvings, terracotta pots and frescoes, both those in situ at Ostia 
Antica, Rome and Caprarola (Viterbo) and those relocated in open-air museums, etc. 


Introduction 


Those concerned with the preservation of monuments view the encroachment 
of lichens as a disfiguring threat, obscuring inscriptions and fine detail and often 
causing actual physical deterioration of the stonework itself. Since damage can 
be brought about by a multitude of both physical and chemical processes, exa- 
cerbated in urban environments, as well as through biodeterioration, it is essen- 
tial to determine that damage to any particular monument is indeed attributable 
to lichen action, especially since cleaning techniques may well accelerate dete- 
rioration. 

These problems are particularly evident in those countries such as Italy where 
ancient cities are exceptionally rich in fine historical monuments of international 
importance. The problems are under-researched, due to the lack of interdiscipli- 
nary co-operation, and much of the published work is of a largely empirical na- 
ture. Collaborative research between the Department of Microbiology of the Insti- 
tute for Restoration in Rome and the School of Environmental Science at Brad- 
ford University has been undertaken since 1982 (e.g. Giacobini et al. 1986), but 
not until four years later was the opportunity afforded for the respective resear- 
chers to actually work together on site. 


The role of lichens in the biodeterioration of stonework 


Undoubtedly some lichen species do contribute to the deterioration of a wide 
range of building materials. Biodeterioration of stonework can be the result of ei- 
ther physical or chemical processes. Modern electron microscopy and chemical tec- 
niques have made it possible to recognise that lichens are implicated in both these 
processes. In the past, attention was drawn to the possible effect of dissolved car- 
bon dioxide, derived from lichen respiration, attacking the substratum to produ- 
ce pits and channels for easier penetration of hyphae, with attendant loosening 
of mineral particles and their incorporation into lichen tissue. Such effects, although 
important on a geological] time-scale, have so far been considered to be minimal 
in terms of the life of ancient monuments. However, it would appear from ob- 
servations made during the course of this study that many lichen species create 
microclimatic effects at the thallus/substratum interface, particularly in terms of 
water retention, which undoubtedly lead to mechanical damage to stonework on 
a short time-scale of ten, or even fewer, years. Various crustose and squamulose 
lichens are implicated, their aggressive behaviour no doubt promoted by parti- 
cular man-made environmental conditions. Furthermore, forces generated by cli- 
matic wetting and drying of the lichen thallus cause it to expand and contract, 
which in turn mechanically disrupts the substratum. Taken in conjunction with 
the chemical breakdown of substrata by lichen acids, etc., it is clear that all these 
biogeophysical processes will assume greater importance. 

Lichen acids have a relatively low solubility, but they are effective chelators, 
forming metal complexes with silicates, etc., derived from the substratum. X-ray 
powder diffraction and transmission electron microscopy have clearly demonstra- 
ted the presence of characteristic alteration products at the interface between rocks 
and various lichens. Experiments involving pure lichen acids or lichen fragments 
incubated with different types of rock have confirmed these observations. Many 
lichens known to contain calcium oxalate cause extensive corrosion of a range of 
rock substrata. Oxalic acid secreted by the mycobiont is extremely soluble in wa- 
ter and acts as a chelator of metal ions, and oxalates formed at the thallus/substra- 
tum interface are closely related to the chemical composition of the rock; thus, 
species growing on serpentinite, mainly composed of magnesium silicate, form ma- 
gnesium oxalate dihydrate at the interface. 

The report by Del Monte and Sabbioni (1987) of the occurrence of oxalates and 
lichen fragments in scialbatura, the patina of exposed marble monuments, etc., 
is of particular interest in this context and warrants further investigation, as do 
the findings of Krumbein and Schònborn-Krumbein (1987) regarding the role played 
by lichens in specific types of pitting of ancient stonework; however, the nature 
of the penetrations appears to be uncharacteristic of previously observed lichen 
action. It is possible that lichens have initiated a chain of reactions resulting in 
such deterioration, but the precise extent of their involvement, particularly in re- 
spect of the time-scale, needs clarification. 

There is, therefore, strong reason to believe that lichen acids, oxalic acid and 


other organic acids are all involved in the biodeterioration of stonework, etc., and 
that some mechanical processes may be interacting with these chemical processes 
(Jones & Wilson 1985). 


Study sites 


Detailed investigations were made at the following sites: 

(1) Villa Madama, Rome - house, and gardens (statues, walls, pavements and sar- 
cophagus). 

(2) Tombe Latine, Rome - above-ground calcareous and siliceous stonework, and 
shaded subterranean walls. 

(3) St. Stephen’s Basilica, Rome - walls and fallen columns. 

(4) Museo Nazionale Romano - outdoor monuments made of a variety of stone- 
work, and terracotta pots. 

(5) Palazzo Farnese, Caprarola - wall frescoes on ground and first floor cloisters 
facing onto inner courtyard, and garden monuments and walls. 

(6) Ostia Antica - buildings, pavements and monuments in a variety of stonework, 
and in situ terracotta storage pots. 

In addition, numerous other archaeological sites (e.g. Palatine and Capitoline 
Hills, Trajan’s Forum), monuments, churches, etc. in Rome were visited, and their 
lichen floras noted (Seaward 1987). Comparisons were also made with the impo- 
verished urban flora generally to be found in, and near to, Rome. 


Results 


(1) Villa Madama 


The walls of the villa had scattered colonies of lichens, mainly Dirina mas- 
siliensis forma sorediata, but no species of particular interest; no problems of bio- 
deterioration caused by lichen growth were noted. A neoclassical statue, near to 
the villa, was, however, clearly suffering from disfigurement, the main cause of 
which was due to algal growth creating, in particular, a dark rust-brown colou- 
ration of the face. Several lichens were detected as secondary colonizers to the 
alga, with small thalli of D. massiliensis forma sorediata becoming established in 
niches created, for example, by folds in the dress. Cleaning of such statuary should 
be undertaken before secondary colonizers have time to establish themselves. The 
plinth to this statue was more densely colonized by lichens, a few species, inclu- 
ding Leproplaca chrysodeta, being suited to the drier, and sometimes shady cre- 
vices. 

The lichen flora of the granitic columns in the garden walk contrasted sharply 
with that of the calcareous columns, the former being very poorly colonized, the 
only notable feature being a few thalli of the foliose Parmelia glabratula ssp. fu- 
liginosa. 

The calcareous columns, on the other hand, supported both foliose (e.g. Phy- 
sconia grisea, Physcia adscendens, Xanthoria parietina) and crustose species 


(mainly Caloplaca ssp. and Verrucaria nigrescens), several columns having large 
areas dominated by Scoliciosporum umbrinum; calcareous plinths to granitic co- 
lumns had a similar flora. 

An archaeologically important sarcophagus gave cause for concern: almost the 
entire surface of the three exposed faces was covered with lichens, mainlyPro- 
toblastenia rupestris, and algae, the only uncolonized areas being near to water 
spouts where the action of running water and presence of lead inhibited growth. 
The removal of this monument to a covered area is recommended. 

Garden ornaments, such as seats, statues and their plinths, walls and pave- 
ments, being mainly of calcareous material, supported a diverse and often colour- 
fullichenflora, the wall capstones in particular providing a pleasing mosaic of about 
18 species, none of which appeared to be acting detrimentally. Unused areas of 
pavements were covered with lichens, occasionally Collema crispum, and the 
junction between the bowl of an urn and its base created a favourable habitat for 
C. tenax and secondary colonization by bryophytes. 


(2) Tombe Latine 


An avenue of interesting fragments of Roman buildings including short stret- 
ches of calcareous and siliceous (tufa) walls, together with isolated ‘monoliths’, 
supported rich lichen floras, often with a number of nitrophilous species (no doubt 
as aresult of the application of agrochemicals in neighbouring gardens). Tufa walls 
were particularly colourful with at least 20 species, including Caloplaca festiva, 
Candelariella coralliza, Lecanora muralis, Parmelia verruculifera, Xanthoria 
calcicola and X. parietina. Walls constructed from a mixture of calcareous and 
non-calcareous stones, or siliceous stonework heavily pointed with cement, ob- 
viously created ‘anomalous‘ mixed floras of such species as Aspicilia calcarea var. 
reagens, Caloplaca aurantia, Lecidea fuscoatra, Lecanora campestris and Aca- 
rospora fuscata. Wholly calcareous walls supported mainly crustose species, par- 
ticularly Lecanora pruinosa, and occasionally Physcia adscendens and Phaeo- 
physcia orbicularis. The shaded subterranean walls forming part of the Tomb of 
the Valeri were covered with Lepraria incana, scattered throughout with Ope- 
grapha mougeotii. 


(3) St Stephen’s Basilica 


Due to major reconstruction work, a sparse and species-poor calcareous flora, 
similar to that described at site 2 above, was encountered. 


(4) Museo Nazionale Romano 


A grassed area surrounded by cloistered museum buildings contained nume- 
rous archaeologically important monuments and artifacts constructed from a va- 
riety of materials. In interpreting the deterioration of these materials, the am- 


bient urban climate (and associated atmospheric pollutants) should be taken into 
consideration, particularly since the latter dramatically affects the lichen flora: 
it was noted, for example, that several of the more toxi-tolerant species (poleo- 
philes) with an aggressive behaviour were actively colonizing stonework, etc. 

The funerary monument to the Fontei has been reconstructed from a variety 
of materials: the juxtaposition of calcareous and non-calcareous materials, par- 
ticularly the use of heavy cement pointing over acidic stonework, has resulted in 
lichen colonization of the alkaline substrata in the first instance through the abi- 
lity of the latter to buffer low pH pollutants derived from the atmosphere; from 
such colonization points, several species had spread onto more important areas 
of the monument. No ‘‘damp-course‘° was observed between the monument and 
the ground on which it stood, and there was strong evidence that fertilizers and/ 
or other chemicals had been used to treat the surrounding lawn in view of the 
presence of nitrophilous lichen species on the stonework, particularly near the 
base. The front of the monument had a relatively rich lichen flora, some species 
such as Acarospora umbilicata and Lecidea fuscoatra being obviously responsi- 
ble for the deterioration on the right-hand side. The shaded back face also sup- 
ported several species, including Acarospora umbilicata, Buellia punctata and 
Scoliciosporum umbrinum. Many of the disfigurement problems of this monu- 
ment arose from an unsympathic use of materials for its reconstruction in the past. 
A similar case was observed in respect of a statue of a horse’s head which had 
been mounted on a concrete neck, the latter providing the initial focus for un- 
sightly lichen colonization. 

The most dramatic and alarming case of lichen attack was observed in the case 
of several large terracotta pots scattered about the lawn. The rims and shoulders 
of these pots were lightly colonized by such innocuous species as Lecanora disper- 
sa and Candelariella vitellina, with occasional thalli of Acarospora umbilicata 
and Lecidea fuscoatra, but here and there, thalli of Lecanora muralis, mainly 4-7 
cm in diameter, probably representing less than 8, and no more than 15, years’ 
growth, were causing demonstrable damage (Seaward 1988). A section through 
one of the thalli clearly reveals the results of such damage: a central blister, crea- 
ted by the crowding of apothecia, pulled away a fragment of the substratum two 
or more millimetres in thickness, over an area almost 12 cm °. Re-examination of 
the terracotta pots in 1988 revealed several occurrences of identical surface bli- 
stering and subsequent flaking induced by L. muralis, thus substatiating the in- 
terpretation made two years earlier. L. muralis appears to be a highly successful 
lichen in urban environments into which it has spread dramatically, due in part 
to lack of competition from other species, over the past few years (Seaward 1982); 
a change in the nature of air pollution in Rome in that period may be a contri- 
butory factor to this aggressive behaviour. 


(5) Palazzo Farnese 


This beautiful mansion on a hillside, built by Vignola in 1547-49, features a 


circular courtyard surrounded by cloisters on ground and first floor levels, the in- 
ner walls of which bear frescoes by Zuccari painted in the 1560s. The water-based 
paintwork has shown signs of biodeterioration in recent years; examination re- 
vealed that one lichen species, Dirina massiliensis forma sorediata, is respon- 
sible for the disfigurement. The latter gives great cause for concern, the attack 
being very pronounced in many places, showing the predilection of this lichen for 
the brown and yellow pigments, rather than the red pigment which probably con- 
tains a metal antagonistic to its growth. The distribution pattern of this lichen is 
not only dictated by the colour of the paintwork: when viewed at several paces 
distant from the frescoes, it is obvious that some cleaning activity (probably of 
recent occurrence in view of the small size and discreteness of the lichen thalli) 
has distributed lichen propagules from an innoculum, or dispersed them from exis- 
ting thalli, to create distinctive areas of lichen invasion which arc across the fres- 
coes. 

Lichens are now being painstakingly removed from the frescoes by means of 
a scalpel; since each thallus removed takes with it the colour from beneath, it is 
necessary to meticulously repaint each area so exposed. This is labour-intensive, 
taking many weeks to cover just a few square metres. The use of liquid chemicals 
to control the lichen is out of the question in view of the water-based nature of 
the paint; perhaps a gas could be used, but those known to kill lichens would also 
be detrimental to the frescoes. 


(6) Ostia Antica 


This magnificent site is rich not only archeologically but also lichenologically: 
tufo, travertino and brick building materials all provide ideal substrata for crus- 
tose and foliose species; brick and plasterwork also support the fruticose Roc- 
cella phycopsis, a maritime lichen more commonly found on rocky shores, par- 
ticularly on the back wall of the Capitolium where it densely clothes the brickwork 
in association with Dirina massiliensis s.str.; Roccella phycopsis is also found on 
inner walls of houses, where it is clearly damaging frescoes, and occasionally el- 
sewhere. The frescoes in the houses along Via Diana were also colonized by at least 
six crustose species which were naturally causing disfigurement: suitable protec- 
tion for these frescoes is a prerequisite for their conservation. 

The walls in and around Porta Laurentina were’ investigated in some consi- 
derable detail, especially since some of the characteristic walling, constructed of 
small tufa blocks, heavily mortared together, is in poor condition, largely due to 
vascular plant action (particularly by Hedera helix). However, since lichens are 
undoubtedly the precursors to colonization by higher plants, consideration should 
be given to their role in the deterioration process; Toninia aromatica appears to 
be important in this respect. In all approximately 30 lichen species were identi- 
fied from the stonework of the gateway and adjacent walls: they did not appear 
to be contributing significantly to the deterioration of the travertine blocks, but 
this should be monitored in view of the archaeological importance attached to the 


latter. 

Some attention was also given to the Forum: much of this had been restored 
(and reconstructed). It was interesting to compare the lichen flora on the re- 
constructed parts with that on fallen masonry. The bases of the columns were al- 
most completely colonized by calcareous lichens (mainly Caloplaca spp.), but the 
columns themselves were devoid of lichens with the exception of the mortarwork 
used in the reconstruction. The reconstructed pavements, where untrodden, sup- 
ported a flora composed mainly of Aspicilia calcarea, Caloplaca citrina, C. au- 
rantia and Lecanora pruinosa; the differences, often only subtle, between floras 
of original and reconstructed stonework can be detected in the field, but more 
quantifiable data are necessary before a technique based on recognizing these dif- 
ferences could be employed, for example, in relative dating. 

In situ terracotta storage pots, sunk into the ground to their shoulders, gave 
cause for concern: they were unquestionably deteriorating, mainly due to the ac- 
tion of crustose and squamulose lichens operating in a manner similar to that de- 
scribed at site 4 above. The 25 cm of neck of each pot appearing above ground 
level was heavily colonized by lichens, but there was a considerable variation in 
the flora from pot to pot, indicating differences in the composition of the terra- 
cotta; those bearing Lecanora atra, for example, were quite obviously blistering, 
the crumbling lichens falling away with attached substratum, 2-3 mm in thickness, 
the crowding of apothecia acting in a manner similar to that previously described 
for Lecanora muralis. 


(7) Isola Sacra 


Attention here was mainly directed towards a comparison of the lichen floras 
of treated and untreated terracotta panels of cappuccine tombs. All panels (50 cm 
high) supported a limited flora consisting of small colonies, widely spaced, of Le- 
canora pruinosa and Diplotomma epipolium, with occasional thalli of Caloplaca 
aurantia, the effectiveness of chemical treatment, in terms of lichen removal, was 
inconclusive. A large sarcophagus was also examined: the flora was species-poor, 
and those lichens present were almost entirely influenced by the considerable quan- 
tities of cement used in its reconstruction. The other buildings of the necropolis 
warrant further lichenological investigation in view of their archaeological im- 
portance. 


Concluding remarks 


The above work, based on field observations in Central Italy, constitutes the 
necessary first phase of any long-term research programme aimed at quantifying 
the actual role played by lichens in the deterioration of a wide range of archaeo- 
logical materials. Stone- and art-work in exposed and partially-enclosed situations, 
giving rise to a variety of environmental conditions, have been examined in detail 
in order to identify the relationships between particular lichen species and the 
physical and chemical nature of their substrata and to determine the relative im- 
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portance of those species in biodeterioration processes obtaining in specific cir- 
cumstances. It is necessary to determine, for example, which species are disfi- 
guring but intrinsically harmless, and which cause actual physical damage. This 
work has produced strong evidence to suggest that recent environmental changes 
have been conducive to increasing detrimental invasion by certain aggressive li- 
chen species. Such evidence would help to explain why it is that monuments, un- 
damaged for many centuries, appear to be vulnerable to lichen attack, in addition 
to the known problems resulting from air pollution, in recent years. 


It is self-evident that such base-line work is a prerequisite to (1) laboratory re- 
search designed to establish the nature of the interface between problematic li- 
chens and their substrata, and (2) field trials intended to test the relative effec- 
tiveness of differing techniques and treatments for the removal and discourage- 
ment of lichens from stonework. Any treatment should be selected with care, sin- 
ce although immediately effective, the long-term effects may well be deleterious 
- (Richardson 1973). Mechanical methods involving scraping and brushing, usually 
followed by washing, are tedious, damaging and often ineffective. Absorbed wa- 
ter may adversely affect the monument, particularly under fluctuating tempera- 
ture regimes; penetration can be minimised by the use of water repellants, but 
entrapped water and rising damp can prove highly destructive. A wide range of 
biocides have been employed, many of which have since been rejected due to side- 
effects such as crystallization of soluble salts which have penetrated the stone- 
work, staining and discolouration of monuments where the chemicals used have 
interacted with particular metals present in the substratum, and the promotion 
of secondary biological growths, which may be even more unsightly than the pri- 
mary growths. Futhermore, regular treatments are likely to be necessary which 
are expensive both in terms of the chemicals used and the labour employed for 
the mechanical removal of only partially detached and brittle lichen growths which 
remain. The biocides employed may also be harmful to the operators and, not sur- 
prisingly, dangerous to wildlife. Some success has been achieved using organo- 
metallic compounds, quaternary ammonium compounds and borates, but the lat- 
ter have proved problematic when used in air-polluted environments where, of 
course, many of the monuments it is desired to conserve are to be located. 


The subtle colouration of a varied lichen mosaic can have aesthetic appeal, 
providing it does not produce disfigurement or unduly obscure detail, and it may 
also afford a protective barrier, shielding the stonework from external weathe- 
ring agents. Furthermore, the different lichen communities established on mo- 
numents not only reflect the various materials employed in their construction but 
also can often be correlated to the chronology of successive building phases, the- 
refore assisting in archaeological interpretation. 


In the light of the above, any decision to remove lichens from stonework must 
not be undertaken over-hastily or without very careful consideration of the wi- 
der implications and long-term effects. Unfortunately, it has to be acknowledged 
that the problem is under-researched and much of the work published to date is 
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of a largely empirical nature which has yet to be adequately substantiated by long- 
term experimentation. It remains for future generations to judge the relative ef- 
fectiveness of the various conservation techniques currently employed. 
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SOME OBSERVATIONS ON THE ESTABLISHMENT OF THE LICHEN 
CALOPLACA AURANTIA ON CONCRETE TILES IN ISRAEL 


J. GARTY 


Keywords: Algae, Ascospores, Caloplaca aurantia, colonization, SEM, tiles, Trebowxia. 


Abstract. This paper investigates the colonization of concrete tiles by the lichen Caloplaca aurantia 
in arural, non-polluted settlement in Israel. The percentage colonization by this crustose lichen on roof 
tiles 30, 45, and 60 years old was found to be 2.464 + 0.732%, 22.972 + 7.311% and 48.515+6.781% 
respectively. Scanning Electron Microscopy (SEM) revealed that spherical cells of a unicellular green 
alga, probably Trebouxia colonize pits on the weathered surface of the very same concrete tiles, as 
do also the ascopores of C. aurantia. In many of the pits, the ascospores arrange in clusters of 8 units. 
Fungal hyphae were observed close to ascopores and to the free algal cells. 


Introduction 


The roof tiles on houses built in Israel during the present century are most com- 
monly made of concrete. Many such tiles, which are currently 60-70 years old, 
are covered mainly with the lichens Caloplaca aurantia (Pers.) var. aurantia, Le- 
canora dispersa (Pers.) Sommerf. f. dissipata (Nyl.) B. de Lesd., Protoblastenia 
immersa (Web.) Stein and Candelariella aurella (Hoffm.) Zahlbr. 

The present study was a part of a wider investigation on lichen formation in 
nature. The focus here was on epilithic crustose lichens, making use also of Scan- 
ning Electron Microscopy (SEM). Another goal was to estimate the rate of cove- 
rage of concrete tiles by epilithic lichens in a rural non-pollutedsettlement in Israel. 


Materials and methods 


The observations relating to the present investigation were made in a rural set- 
tlement of about 8000 inhabitants (Magdiel, Hod Hasharon) located 20 km. NE of 
Tel-Aviv. Tile coverage by Caloplaca aurantia was assessed by photographing a 


50 x 50 cm area on the west-facing slope of selected roofs of one-storey buildings. 
To do this in each case, we used a wooden frame (50 x 50 cm.) which was tem- 


porarily affixed to the roof surface. Color photographs of the areas enclosed by 
such wooden frames were obtained and these were then copied by a document 
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photocopy machine, enlarged two-fold, and weighted precisely by an electronic 
balance. Any areas of the photocopies showing thalli of C. aurantia were care- 
fully snipped out with scissors and weighted separately. The percentage of the 
lichen coverage was then calculated by the formula: 


Weight of the paper representing the lichen area ee 
x 
Weight of the paper representing the entire 50x50 cm. area. 


The roofs selected for photography were 20, 45, and 60 years old. Ten roofs 
from each of these age categories were sampled by three different photographs 
per roof, yielding a total of 90 photocopies. 

In order to ascertain whether free components of lichens existed on the pho- 
tographed roof tiles, we actually collected samples of tiles from the west-facing 
slopes of Magdiel’s 30,45 and 60 year old roofs. 

In all these tile samples, the lichen coverage was less than complete, which 
enabled easy study of bare areas on which lichenization could occur. 

The collected tiles were next fractured to yield bare chunks of about 0.5x0.5 
cm each, the idea being that free lichen components and contacts between asco- 
spores and photobiont cells would be detectable close to the established thalli of 
the nearest lichen colonizing the tile shards. 

Samples from these seemingly bare fragments of tile were fixed overnight with 
3% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, washed with the same buf- 
fer, dehydrated by increasing concentrations of ethanol, dried with a critical point 
drier and finally coated with gold. The samples were then subjected to a Jeol-35 
scanning electron microscope operating at 25 KV. 


Results 


From a chronological standpoint, the rate of lichen colonization on the tiles 
during the first 30 years was found to be relatively slow (2.464 + 0.732%) but 
this increased to 22.972 + 7.311% after 45 years and attained 48.515 + 6.781% 
after 60 years. The observed differences in the coverage percentage were highly 
significant by Student's t-test for all the three age-categories of tiles (p< 0.001). 


Fig. 1 - Fractured apothecium of Caloplaca aurantia growing on a 30-year-old concrete tile. Bar = 100 
um. 


Fig. 2 - Photobiont and mycobiont cells as in Fig. 1 but shown in higher magnification. Bar= 10) um. 
Fig. 53- Ascus and paraphyses of the hymenium of C. awrantia. Bar=10 um. 
Fig. 4- Immature C. aurantia ascospores still in the ascus. Bar=10 am. 


Fig. 5 - Upper surface of a seemingly bare part of a 30-year-old concrete roof tile. Note the rough ou- 
ter surface of the algal cells. Bar=10 am. 


Fig. 6 - A group of unicellular algal cells in a pit on the surface of a 45-year-old concrete tile. Bar= 10) «im. 
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S.D. 
The coefficient of variation, C.O.V., aC 0.29 for the 30 years-old tile, 
x 


0.31 for the 45 year-old tile and 0.13 for the 60 year-old tile. 

Fig. 1 offers a SEM view of a fractured apothecium of the lichen Caloplaca 
aurantia growing on a 30 year-old concrete tile from a roof in Magdiel. This fi- 
gure shows the spherical cells of the unicellular green alga Trebouxia as well as 
a lateral view of the hymenium and a part of the disc surface. The sizes of the 
algal cells are presented in a higher magnification in Fig. 2, where they are seen 
to vary between 5 and 10 um. One ascus and several paraphyses are shown in Fig. 
3, while three ascospores, probably immature, are shown in Fig. 4. 

A view of the bare surface of a concrete tile picked from among established 
colonies of C. aurantia is given in Fig. 5. A spherically-shaped unicellular green 
alga was found to colonize pits on the weathered surface of such tiles. These algal 
cells, the only kind of free unicellular green alga on the tiles, measured 5.5 - 8.5 
um in diameter and invariably displayed a rough external surface (Figs. 5-10, 13-15). 
As can be noted from Fig. 5 and 6, tile surfaces are smooth on their inside, pro- 
bably due to the abrading chemical action of the algal lithobionts on the carbo- 
nates of the concrete tile. 

The established colonies of Caloplaca aurantia bear numerous apothecia. The- 
se produce large numbers of ascospores which are entrapped in pits on the sur- 
face of the 60 year-old tiles (Fig. 7) as well as on those aged 30 and 45 years (Fig. 
8 and 9 respectively). The spore shapes and sizes match those given by Galun (1970) 
for the ascospores of Caloplaca aurantia. In many of the pits on the bare upper 
surface of tiles taken from 30, 45 and 60 year-old roofs, clusters of 8 ascospores 
can be seen (Figs. 10-12). Frequently fungal hyphae (or ascospores) and free algal 
cells are seen in the same pit (Figs. 12-14). Some ascospores with shrunken walls 


Fig. 7 - Free algal cells, presumably of Trebouxia, and an ascospore of C. aurantia inside a pit of a 
60-year-old concrete tile. Bar=um. 


Fig. 8 - An ascospore of C. aurantia and some algal cells inside a pit of another 30-years-old tile. 
Bar=10um. 


Fig. 9 - Free photobiont and C. aurantia ascospore inside a large pit on the surface of a 45-year-old 
tile. Bar=10 um. 


Fig. 10 - A view of a bare area on the upper surface of a 30-year-old concrete tile. Note 8 ascospores 
produced and dispersed by C. aurantia lying close to a group of algal cells growing in the same 
pit. Bar=1L0 um: 


Fig. 11 - Eight ascospores of C. aurantia inside a large pit on a 45-year-old tile. Dust particles in a va- 
riety of shapes and sizes are deposited in the same microniche. Bar=10 um. 


Fig. 12 - Eight ascospores of C. aurantia inside a large pit on a 60-year-old tile. Most of the ascospores 


are located in small depressions in the described niche. Note fungal hyphae in the same pit. 
Bar=10 pm. 
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can be observed as well (Fig. 15). Clusters of free Caloplaca aurantia ascospores 
are located, however, also in pits which are not colonized by algal cells (Fig. 16). 


Discussion 


It is especially noteworthy that the lichen coverage of the 30 year-old tiles was 
a mere 2.46440.732% whereas tiles which were 45 years old showed nine times 
as much coverage. This means that the dispersal of lichen components, i.e. of asco- 
spores and algae, increases considerably during the 15-year span between the tile 
ages of 30 and 45. It is possible that the observed increase of coverage is asso- 
ciated with an enhancement of weathering processes on the tile surface, for pits 
and ruts are known to act as traps for dust, bird droppings, water, algal cells and 
ascospores. 

In a roof-slope situation, this is especially important, because once the C. au- 
rantia ascospores have dispersed in the pits they can germinate under favorable 
conditions. 

The coverage of the 60 year-old tiles by C. aurantia is about twice as much 
that on the 45 year-old tiles. Possibly the slower lichen colonization rate on the 
tiles is linked to the morphology of the substrate surfaces, for we have noted that 
on old tiles (50-60 years old) the pits and ruts are larger and bigger than on youn- 
ger tiles. We have indeed never observed a lichen coverage of 100% on any of the 
70 to 75 year-old tiles in the studied rural and non-polluted area. Many of the roofs 
here were in fact hardly colonized by lichens. 

All this suggests that because of the enhanced weathering processes, the pits 
and ruts on very old tiles become too big, so that lichen-free components can no 
longer be trapped on the roof slopes, especially during heavy showers. 

The fact that lichen ascospores were often found in clusters of eight or the- 
reabout agrees very well with the findings of Bailey and Garrett (1968) that under 
laboratory conditions the usual number of C. aurantia ascopores per projectile 
is eight. Evidently, under natural conditions as well, these ascospores are libe- 
rated from the asci of C. aurantia in clusters of eight. We further believe that 
the free-living algal cells with the rough surface which we encountered were tho- 
se of Trebouxia. Indeed, free colonies of Trebouxia have been reported by Na- 
kano (1971 a; 1971 b), Tschermak-Woess (1978) and Bubrick et al. (1984). 


Fig. 13 - Algal cells, fungal hyphae and dust particles inside a large pit on a 60-year-old tile. Bar=10 um. 


Fig. 14 - C. aurantia ascospores (arrow), hyphae and algal cells inside a pit on a 45-year-old tile. Bar = 10 
um- 


Fig. 15 - Algal cells (note their rough cell surface) and one ascospore of C. aurantia with shrunken walls. 
Bar=10 um. The substrate is 45 years old. 


Fig. 16 - A cluster of 6 ascospores of C. aurantia located in a pit which is not colonized by algal cells. 
The substrate is 60 years old. Bar=10 um. 
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Our present findings raise two interesting questions, namely: 

1) Does the rough outer surfaces possessed by the free-growing algae in the 
present study play a role in the recognition between these cells and the cohabi- 
tant fungal hyphae produced by the germinating ascospores of C. aurantia? 

2) Is the outer wall surface of these algae rough because it contains binding 
compounds that are related to mycobiont-phycobiont recognition? 

In reviewing the relevant literature, we find that Bubrick and Galun (1980 a) 
observed, by cytochemical means, two wall layers in trebouxioid phycobionts, and 
the same was observed also via cytological methods by Honneger (1982). The lat- 
ter author detected protein-like particles embedded in an amorphous matrix in 
the outer wall of cultured Trebouxia cells (Honneger 1982). Subsequently she ob- 
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served a similar amorphous matrix also in the large mature cells of the trebou- 
xloid phycobiont in Cetrelia olivetorum prior to autospore formation (Honneger, 
1984. Fig. 4A). 

Finally, a SEM micrograph of a group of developing aplanospores of a Trebou- 
xia in the Hypogymnia physodes thallus, reveals that the surfaces of these cells 
have a rough outer coating (Fiechter and Honneger, 1988). 

It is tempting therefore to conjecture that the rough surface displayed by the 
free unicellular green algae in the present study indicates that these cells are Tre- 
bouxia cells originating from established thalli of C. aurantia. According to Ah- 
madjian (1980) free-living photobionts indeed could be microcolonies derived from 
woospores of algae within existing lichenized associations. Hawksworth and Hill 
(1984) maintain that photobiont cells may be acquired: 

a) from free-living algae 
b) from existing thalli of other lichens or 
c) from the vegetative propagules of other lichens. 

The structure and composition of the cell wall surface differs in Trebouxia phy- 
cobionts when in symbiosis than when in the cultured, non-symbiotic state (Hon- 
neger, 1984). Similarly, differences in the cell wall surface composition between 
cultured and symbiotic Trebouxia phycobionts of Xanthoria parietina have been 
demonstrated by Bubrick and Galun (1980 b) and by Bubrick et al. (1982) via hi- 
stochemical and immunological methods. 

Previously, we have shown (Garty and Delarea, 1987) that on concrete tiles 
collected at another rural site (Ganne Am, Israel), the Caloplaca aurantia asco- 
spores germinated in proximity to free algal cells very similar to those described 
in the present study. 

Our present observations on the algal wall surface raise, however, further que- 
stions: Why is the outer surface of the Trebouxia cells shown in the apothecial 
section (Figs. 1 and 2) smooth? Is this smoothness related to fact that in this part 
of the lichen the fungal hyphae are relatively few? Could we conclude that these 
photobiont cells have very little to do with recognition of fungal hyphae? Be that 
as it may, we note that in the present study the algal cells of Trebouxia, as shown 
in Figs. 1 and 2, appear different both from our own free algal cells as well as from 
the Trebouxia and trebouxioid cells of other investigations cited by us, which act 
as photobionts in the vegetative thalli. 

Several of our micrographs show numerous fungal hyphae inside the pits and 
ruts on the tile surfaces. In epiphytic lichens it has been shown (Jahns et al., 1979) 
that the algal cells form clumps that are intimately associated with long fungal 
hyphae, the latter probably deriving from spores of the lichen Lecanora varia, 
dispersed on needles of the tree Picea abies. Germinated spores of the epiphytic 
foliose lichen Xanthoria parietina have been observed on tree bark and, in some 
cases, in close proximity to Trebouxia and/or Pseudotrebouxia cells (Bubrick et 
al., 1984). We believe, therefore, that on progressively older tiles the presence of 
fungal hyphae in the same microniches as algal cells probably signifies the initia- 
tion of lichenization. 
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EFFETS DE LA POLLUTION ATMOSPHERIQUE SUR LA VEGETATION 
LICHENIQUE DES MONUMENTS HISTORIQUES 
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Abstract: Air pollution has a direct influence on stone decay but also and indirect one by favouring 
lichen development. This is specially perceptible for nitrophilous lichens which proliferate on rain- 
exposed walls. Thus an historical monument, Notre-Dame de |’Epine’s Basilica, was colonized by ni- 
trophilous lichenic population between 1975 and 1980. These nitrophilous species with orange and yel- 
low thallus are responsible for the disfigurement of the Basilica. The spread of nitrophilous lichenic 
populations is related to a recent increase in the use of fertilizers and, above all, to the recent methods 
of spraying fertilizers. 


Introduction 


Les monuments historiques sont souvent détériorés par les conditions de l’en- 
vironment. Les pierres utilisées par la construction subissent des dégradations liées 
aux conditions climatiques locales, a l’activité biologique due aux oiseaux, aux plan- 
tes, aux lichens et aux microorganismes, et a la pollution atmosphérique. Globa- 
lement il en résulte une altération appelée ‘‘maladie de la pierre“ (stone illness). 
Mais si la pollution atmosphérique intervient directement sur la dégradation de 
la pierre, elle intervient aussi comme facteur écologique responsable de l’instal- 
lation des lichens. 

Habituellement, la pollution atmosphérique est considérée comme un facteur 
limitant a l’installation des lichens. Si cela est vrai pour les lichens épiphytes, des 
nuances sont à apporter en ce qui concerne la végétation lichénique des monu- 
ments. En effet, le calcaire qui est une pierre souvent utilisée pour la construc- 
tion des monuments est colonisé par les lichens, méme dans le villes où la végé- 
tation épiphyte est inexistante. Cela est di aux conditions microclimatiques exi- 
stant a l’interface du calcaire et de l’atmosphéère. Il se crée localement une at- 
mosphere riche en dioxyde de carbone, qui neutralise l’acidité atmosphérique et 
permet ainsi l’installation des lichens. A la longue, cependant les lichens dispa- 
raissent et seuls des peuplements de microorganismes survivent. 
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Par contre la pollution azotée a un effet beaucoup plus visible sur la végéta- 
tion lichénique, en favorisant le développement de peuplements nitrophiles. Un 
exemple typique est celui de la basilique Notre-Dame de l’Epine. C’est cet exem- 
ple que nous développerons ci-après. 


Problematique: l’enlaidissiment de la basilique Notre-Dame de l’Epine (France) 


La basilique Notre-Dame de l’Epine est située dans un petit village de Cham- 
pagne crayeuse, à 8 km al’E-NE de Chalons-sur-Marne. Construite en calcaire 00- 
lithique compact, au sommet d’une petite colline (altitude 151 m), elle présente 
la particularité de n’étre séparée des champs que par une rangée de maisons et 
de se trouver ainsi presque en rase campagne. 

Cet édifice, construit entre 1400 et 1527, est classé monument historique et 
son entretien est suivi par le Laboratoire des Monuments Historiques de Champs- 
sur-Marne. Le Laboratoire des Monuments Historiques est notamment chargé de 
l’étude des aspects microbiologiques de l’altération des pierres. 

Vers 1970, sont apparus, notamment sur la fagade W, des peuplements liché- 
niques orangés et verdatres qui nuisent a l‘esthétique de la basilique. Entre 1975 
et 1980, l‘extension considérable de ces peuplements a amené le Laboratoire des 
Monuments Historiques a nous contacter, et nous avons entrepris une etude éco- 
logique de ces peuplements lichéniques. 

Le probleme était de déterminer le cause du développement récent des liche- 
nes sur la fagade W et de proposer éventuellement un remède au probleme d’e- 
sthetique. 

Dans un premier temps, nous avons effectué une étude approfondie de la vé- 
gétation lichénique de la basilique (Deruelle et al., 1979) et nous avons mis en évi- 
dence la double influence des substances azotées et du mouillage du substrat par 
les eaux de pluie sur] installation des peuplements lichéniques nitrophiles. Ce phé- 
nomène très important et déjà souligné dans le S-E de la France par Clauzade et 
Roux (1975), nous a conduit, dans un deuxiéme temps, a entreprendre une étude 
des facteurs microclimatiques des principaux biotopes de la basilique et des con- 
ditions des écoulements d’eau sur les murs (Deruelle, 1983). 


Methods d’etude 


Analyse de la vegetation lichenique 


L’analyse de la végétation lichénique a été effectuée a partir de 30 relevés phy- 
tosociologiques réalisés en utilisant les méthodes de Klement (1955) et de Braun- 
Blanquet (1964). Chaque relevé concerne une surface supérieure à l’aire mini- 
male et floristiquement aussi homogène que possibile. Les diversrelevésd’un meme 
peuplement ont été réunis en un tableau (voir ci-après) où les espèces recontrées 
sont classées, selon leurs affinités phytosociologiques ou écologiques. Pour cha- 
que espèce, un parametre synthétique classique, le degré de présence, a été pré- 
cisé sous forme d’un chiffre romain. Signalons ici, que pour ne pas endommager 
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la basilique, les prélevements d’échantillons ont été très réduits. Toutefois, les peu- 
plements étudiés étant constitués exclusivement par des lichens épilithiques bien 
visibles et de détermination relativement aisée, il est vraisemblable qu’un nom- 
bre relativement peu important d’espèces ait échappé aux relevés. 


Etudes microclimatiques 


Les facteurs microclimatiques ont été étudiés par plus de 4000 mesures 
ponctuelles effectuées pendant un an, et par des enregistrements continus. 

Les mesures ponctuelles concernent la luminosité, la température du substrat, 
la température de surface des thalles, la température de l’air a proximité des thal- 
les et l’humidité relative. Elles ont été réalisées selon le méthods de measures dé- 
crites par Roux (1979) dans son étude sur les peuplements lichéniques saxicoles- 
calcicoles du SE de la France. 

Les enregistrements du mouillage du substrat on été effectués avec un ten- 
gochronographe. C’est un appareil (Fig. 1) qui comprend quatre capteurs de mouil- 
lage, un circuit électronique de détection du mouillage avec un oscillateur et un 
détecteur de seuil par capteur, et un enregistreur sur papier. Le principe de l’ap- 
pareil (Roux, 1979-80) repose sur le fait que la mouillage de deux lames voisines 
du capteur entraine la mise sous tension du détecteur de seuil et l’enregistrement 
de la durée du mouillage. Les capteurs installées au milieu des peuplements li- 
chéniques traduisent fidelement les variations de l’humidité substratique. 


Alimentation 
220 V 


Capteur 


rT Oscillateur a 


Detecteur 


de | Enregistreur 








Fig. 1 - Schéma des principaux éléments du tengochronographe (a) et détail d'un capteur de mouil- 
lage vu de dessus (b). (d’aprés Roux 1979-80). 
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Resultats et discussion 


Inventaire des peuplements liqueniques 


Cing peuplements lichéniques dont un avec trois facies différents ont été dé- 
terminés sur la basilique. Les résultats sont présentés dans le tableau ci-après (Fig. 
DI 

L’examen des peuplements lichéniques de la basilique Notre-Dame de l’Epine 
nous améène a faire les constatations suivantes: 

- le Dirinetum repandae stenhammarosum Clauzade et Roux 1975 (colonne 
g) est une association non nitrophile qui colonise les stations mal éclairées et pro- 
tégées des écoulements des eaux de pluie par des corniches plus ou moins larges. 
Méme s’ils altèrent la pierre sur plusieurs mm, les thalles blanc-gris du Dirina ne 
se distinguent pas du calcaire et ne sont par responsables de la détérioration de 
l’esthétique de la basilique. 


Les peuplements de l’alliance Aspicilion calcareae Roux 1978 (colonne f) co- 
lonisent de faibles surfaces sur des zones légèrement inclinées (30°) et mouillées 
par les eaux de pluie. Ces peuplements contenant 56% d’espèces nitrophiles ont 
été qualifiés de peuplements hémi-nitrophiles. 

- Ils sont localisés surtout a l’E et sont protégés des vents dominants d’W par 
la basilique elle-méme, et des vents du 5 et d’E par des habitations situées a quel- 
ques metres seulement de cette face E. 

- les peuplements fortement nitrophiles (colonnes a à e) colonisent principa- 
lement la fagace W de la basilique. Il s’agit: 

de l'association à Candelariella medians et Phaeophyscia nigricans Nowak 
1960 (colonne a) avec 100% d’espéces nitrophiles. Le faciés typique de cette as- 
sociation se développe sur les surfaces inclinées des corniches, des gargouilles ou 
de la base des piliers. On la rencontre aussi sur la facade W, de part et d’autre 
de la rosace centrale. C’est cette association riche en lichens dont la couleur varie 
du verdatre a l’orangé vif, qui est responsable pour l’essentiel des trainées jaune- 
verdatre qui se sont récemment développées sur la basilique. 

des faciés 4 Phaeophyscia orbicularis (colonne b) et à Xanthoria candelaria 
(colonne c) de la méme association. Ils se développent exclusivement sur les pa- 
rois verticales vraisemblablement moins mouillées par les écoulements d’eau. La 
facies a Xanthoria candelaria est quant à lui localisé sur la facade W de la ba- 
silique, et a sa proximité immédiate. 

de l’association Caloplacetum citrinae Beschel 1950 ex Klement 1955 (colon- 
ne d) formant des traînées jaune-citron sur les pierres modérément mouillées par 
les eaux de pluie. Les thalles du Caloplaca citrina attirent l’oeil par leur couleur 
Jaune vif mais leur faible développement et leur localisation réduite sur quelques 
pierres du chevet les rendent dans l'ensemble, moins apparents que les peuple- 
ments a Candelariella medians et Xanthoria candelaria. 

de peuplements 4 Caloplaca murorum f. tegularis et f. obliterata (colonne e) 
qui occupent des biotopes protégés par des piliers ou par de petites corniches. Ces 
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Espèces nitrophiles 
Candellariella medians 
Caloplaca decipiens 
Lecanora albescens f. monstrosula 
Phaeophyscia orbicularis 
Xanthoria candelaria 
Physconia grisea 
Caloplaca citrina 
Lecanora urbana 
Caloplaca murorum f. obliterata 
Caloplaca murorum f. tegularis 
Caloplaca ruderum 
Lecanora crenulata 
Verrucaria macrostoma 
Caloplaca teicholyta 
Lecanora albescens f. albescens 
Caloplaca murorum f. pulvinata 
Buellia epipolia v. murorum 
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Lecanora dispersa f. crenulata 
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Espèces non nitrophiles 
Lecanora campestris 
Verrucaria sp 
Physconia pulverulenta 
Lecanora subcircinata 
Aspicilia hboffmannii 
Dermatocarpon trachytichum 
Aspicilia contorta 
Caloplaca lactea 
Verrucaria nigrescens 
Dirina repanda f. stenbammari 
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Especes nitrophiles en % I 1001 93 


Fig. 2 - Composition floristique des cinq peuplements lichéniques de la basilique et de leurs princi- 
paux facies. 
a) faciès typique de l’association 4 Candelariella medians et Phaeophyscia nigricans Nowak 
1960; 
b) faciès de cette méme association à Phaeophyscia orbicularis dominant; 
c) faciès de cette méme association à Xanthoria candelaria dominant; 
d) Caloplacetum citrinae Beschel 1950 ex Klement 1955; 
e) peuplement à Caloplaca murorum f. tegularis et f. obliterata; 
f) peuplement de l’alliance Aspicilion calcareae Roux 1975. 
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groupements recontrés quelle que soit l’exposition du substrat sont légèrement 
mouillés par les eaux de pluie qui apportent suffisamment de nitrates pour per- 
mettre le développement d’espéces nitrophiles. Lorsque les écoulements sont plus 
importants, soit naturellement a cause de la configuration des sculptures, soit ar- 
tificiellement par rupture partielle d’une corniche par exemple, on observe des 
peuplements de transition avec l’association a Candelariella medians et Phaeo- 
physcia nigricans Nowak 1960. 

L’inventaire des peuplements lichéniques de la basilique Notre-Dame de |'E- 
pine nous amene a constater: 

1°) la présence de peuplements calcicoles déja décrits par ailleurs mais avec 
des faciès nouveaux; 

2°) l’abondance des peuplements nitrophiles; 

3°) la liaison entre l’enlaidissement de la fagade W et la nitrophilie des asso- 
ciations qui s’y développent. 


Exigences microclimatiques des associations 


Parmi les différentes associations étudiées sur la basilique Notre-Dame de l’E- 
pine, l'association a Candelariella medians et Phaeophyscia nigricans est la plus 
héliophile, la plus photophile et la plus thermophile. Le Dirinetum repandae sten- 
hammarosum est au contraire l'association la moins héliophile, la moins photo- 
phile et la moins thermophile, et ceci quelle que soit l’ambience climatique du mo- 
ment. Les autres peuplements présentent des caractères intermédiaires. 

L’écart thermique entre l'association a Candelariella medians et Phaeophy- 
scia nigricans d'une part et le Dirinetum repandae sthenhammarosum d’autre 
part est de 2°C par temps clair et de 1°C par temps couvert. Méme si la tempé- 
rature est un facteur essentiel de la répartition des lichens, cette différence de 
température est ici trop faible pour expliquer la colonisation des différents bio- 
topes de la basilique. Il en est de méme pour la luminosité. Par contre un facteur 
semble essentiel, c'est la durée de mouillage du substrat. 

Le temps de mouillage a été mesuré en continu pour quatre stations entre le 
mois de mars 1980 et le mois de mars 1981 (Fig. 3). L’association à Candelariella 
medians et Phaeophyscia nigricans est la plus mouillée pour l'ensemble de l’an- 
née. Cette importance de mouillage se retrouve chaque mois puisque pour chacun 
des 13 mois étudiés la durée du mouillage est la plus élevée. Le peuplement a Ca- 
loplaca murorum f. obliterata et f. tegularis présente le temps de mouillage le 
plus faible avec surtout un mouillage pendant la période hivernale d’octobre à avril. 
L’existence de vents dominants du N et du NE pendant l’hiver peut expliquer cet- 
te répartition hivernale du mouillage. L’association Dirinetum repandae stenham- 
marosum est également peu mouillée avec un maximum en décembre (40% du 
mouillage annuel). En ce qui concerne cette association on peut préciser que le 
thalle du Dirina est hydrofuge et que les gouttelettes d’eau roulent en surface 
sans le mouiller véritablement. Il n’en est cependant pas de méme pour le cap- 
teur où les gouttelettes adhèrent en surface et déclenchent l’enregistrement. En- 
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fin, le faciés a Xanthoria candelaria de l'association a Candelariella medians et 
Phaeophyscia nigricans a un mouillage intermédiaire (644 h pour l’année) entre 
les deux associations vues précédemment (255 h et 350 h) et la faciés typique (1107 
lane 

Il ressort de cette étude que l’association a Candelariella medians et Phaeo- 
physcia nigricans (faciés typique) qui posséde le temps de mouillage le plus long, 
est en outre l’association la plus nitrophile. Le mouillage du faciès à Xanthoria 
candelaria plus faible est cependant suffisant pour permettre l’installation de li- 
chens nitrophiles (88% d’espéces nitrophiles). A coté de cela le Dirinetum repan- 
dae stenhammarosum qui n’est pas véritablement mouillé par les eaux de pluie, 
n’est pas nitrophile. 


Origine des apports azotes 


Les observations phytosociologiques et les mesures du temps de mouillage du 
substrat, effectuées sur la basilique Notre-Dame de |’ Epine indiquent que les peu- 
plements nitrophiles occupent préférentiellement les surfaces mouillées par les 
écoulements d’eau. Or, les €coulements d’eau existent depui la construction de 
la basilique. y compris sur la facade W dont l’enlaidissement ne remonte qu’a une 
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i 
j 
| 
| 
| Mois 
| 
| 
| 
| 


| | 

| Dirinetum | Peuplement a | medians et Phaeophyscila nigricans 
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SI n | SA GATE (NONE. SOC E E NO ss 
1980 


| 

| 

| 

| 

Ì 

| 

| | | | I I 
| mars! | 362 | 914 | 4641 | 1806 | 
| avril | 128 | 592 | 4318 | 431 | 
| mai | 54 I 47 | 3256 | gal | 
| juin | 294 | 8 | Guile) | 54 | 
| juillet | 1988 | 22 | 8865 3449 | 
| aoaot | 170 | 0 | 2344 | 437 | 
| septembre | 121 | 5 | 1528 | 343 | 
| octobre | 843 | 879 I 6881 | B3.PO | 
| novembre | 1499 | 2584 | 5807 | 3400 | 
| décembre | 8210 | 5660 | 10430 | 7400 | 
| 1981 | | | | | 
| janvier | 2954 | 2200 | 5860 | 6777 | 
| février | 1913 | 1604 | 6352 | 4462 | 
| mars | 2386 | 770 | 5822 | 6661 | 


| 
I TOTAL en | 350 h | 255 h 
| heures | | 


Fig. 3- Durée de mouillage des quatre peuplements retenus. 
(1) enregistrement effectué pendant 10 jours (début des mesures le 22/3/80); 
(2) appareil n’ayant fonctionné que pendant 3 jours (absence d’alimentation électrique). 
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quinzaine d’années. 

Le développement rapide de l’association nitrophile à Candelariella medians 
et Phaeophyscia nigricans traduit indiscutablement un apport de substances azo- 
tées qui n’existait pas autrefois. C’est cette pollution azotée qui est responsable 
de l’enlaidissement de la facade W de la basilique. 

L’existence de nombreux pigeons nichant partout sur la basilique constitue un 
apport non négligeable d’azote. Mais la localisation des fientes, limitée à quelques 
zones bien déterminées et la présence de pigeons signalée depuis très longtemps, 
ne peuvent justifier l’ampleur de l’expansion récente des lichens nitrophiles. Une 
autre source de substances azotées est constituée par les engrais employés à dose 
massive dans cette région de grande culture. Or, depuis une quinzaine d’années, 
les engrais azotés sont utilisés en Champagne sous forme liquide (nitrates) ou sous 
forme gazeuse (ammoniac). Les engrais liquides sont stockés dans de grandes cur- 
ves entreposées dans les champs avant d’étre pulvérisés. Ainsi, en moyenne 300 
a 400 litres d’engrais liquides sont épandus par hectar de culture, la quantité pul- 
vérisée variant avec la nature de la culture. 

Cette technique récente d’épandage des engrais par pulvérisation est donc une 
source importante de pollution azotée. Sous l’action des vents dominants, des vé- 
sicules de nitrates et des particules de sol enrichies en azote nitrique ou ammo- 
niacal sont plaquées sur la facade W de la basilique. Les pluies quì frappent di- 
rectement la fagade solubilisent les substances azotées et favorisent l’installation 
puis le développement des lichens nitrophiles. Des observations identiques ont été 
faites en Grande-Bretagne (Brightman et Seaward, 1977) où les memes espèces 
nitrophiles colonisent les murs des églises. 

C'est donc la pollution azotée qui est responsable du développement des peu- 
plements lichéniques nitrophiles et de l’enlaidissement récent de la basilique 
Notre-Dame de l’Epine. On peut attribuer cette pollution aux modalitées d’épan- 
dage des engrais par pulvérisation sous forme liquide et gazeuse. 


Conclusion 


Nous avons envisagé ici un cas précis ou la pollution atmosphérique était re- 
sponsable du développement de peuplements lichéniques sur un monument hi- 
storique. C’est surtout sous cette forme de pollution azotée plutòt développée en 
milieu rural qu’en milieu urbain, que la pollution atmosphérique agit sur les li- 
chens des monuments. Le développement des lichens nitrophiles très colorés est 
responsable de l’enlaidissement de la pierre. 

Le ravalement de la basilique Notre-Dame de l’Epine a été entrepris depuis 
notre étude, et des traitements divers de la pierre ont été tentés. A l’heure ac- 
tuelle, seule la facade W a été rénovée mais la présence de lichens sur les piliers 
des autres faces de la basilique et l’utilisation intensive des engrais risque d’en- 
trainer l’installation de nouveaux lichens. Des observations régulières devraient 
permettre de suivre précisément une recolonisation de la facade W par les lichens. 
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Abstract: The biocorrosion and biodeterioration of limestone and sandstone by epilithic and endolithic 
lichens was studied using the maceration and the casting-embedding techniques. The investigations re- 
vealed alterations on the rock surface, characterized by biocorrosive pitting, etching patterns, imprints 
of the fruiting bodies, boring channels and mucilaginous etching figures. Moreover, the inside of the 
rock is penetrated by extensive and compact networks of the lichenized fungal hyphae. These biode- 
teriorations are positively correlated to the physical and chemical actions of the lichen involved as well 
as to the nature of the rock. 


Introduction 


The involvement of lichens in rock weathering has been discussed since the 
end of the 19. century. Aldready Julien (1883) mentioned the influence of lichens 
as an organic agent in the deterioration fo stone material. At the turn of the cen- 
tury, particularly Bachmann (1904, 1907, 1911, 1917), Smith (1921) and Fry (1927) 
provided studies which were concentrating on the mechanical action of lichens. 
Subsequently more emphasis was placed on the chemical alterations of rocks by 
lichen compounds (e.g. Schatz, 1962, 1963; Syers, 1969; Iskandar & Syers, 1971; 
Williams & Rudolph, 1974; Ascaso & Galvan, 1976; Galvan et al., 1981; Ascaso et 
al., 1982). However, the lichenic weathering on mineral surfaces involves both 
physical and chemical processes. Of these, the physical mechanism is mainly cha- 
racterized by hyphae penetration and thallus expansion and contraction, whilst 
for the chemical action oxalic acid and several other lichenic substances are im- 
portant. Many of these secondary metabolic products are powerful metal com- 
plexing agents leading to a disintegration of the rock surface (Syers & Iscandar, 
1973). 

Regarding the thallus morphology, crustose lichens which are in direct and in- 
tensified contact with the substratum are much more important in the biodete- 
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rioration of stone than foliose and fruticose lichens which are only loosey con- 
nected with the substrate (Syers & Iscandar, 1973). Furthermore, endolithic li- 
chens although being less conspicuous, are possibly more significant in rock wea- 
thering (Krumbein, 1966, 1969; Danin et al., 1982, 1983). 

The intention of this paper is to document the phenomenology of the diffe- 
rent biocorrosive patterns of lichen-encrusted rocks as these relate to physical and 
chemical actions. 


Material and Methods 


Investigating the biodeterioration of epilithic and endolithic lichens on calca- 
reous and siliceous rocks, both the maceration and the casting-embedding tech- 
nique, were used. The lichenized rocks were macerated with ‘‘Eau De Javelle‘‘ 
(Schneider, 1973; Gerlach, 1984) and for the casting-embedding procedure the re- 
sins ‘‘Epon‘‘ (Golubic et al., 1970) and ‘‘Spurr‘‘ (Spurr, 1969) were applied. The 
samples were examined by scanning electron microscopy (SEM). 


Results and Discussion 


The study indicates convincingly different weathering patterns on the surfa- 
ce caused by the lichen investigated, and to what extent the stone is penetrated 
by individual endolithic hyphae. 


Caloplaca heppiana (Mùll. Arg.) Zahlbr. 
Germany, Jewish cemetry, Ròdelsee (Untefranken) 8/86 and Aurich 9/86; lichen on limestone 


The activities of the crustose lichen Caloplaca heppiana revealed, upon ma- 
ceration, etching patterns and imprints of the fruiting bodies which were easily 
distinguishable by the ring-shaped microgrooves as shown in Fig. 1. Besides, the 
penetration of hyphae into the substratum is indicated by the boring channels (Fig. 
2). Longitudinal sections of the embedded samples, the ‘‘casts‘‘, when observed 
by SEM show the density and number of the endolithic hyphae penetrating the 
stone (Fig. 3). Stone lamellae perforated by fungal hyphae are documented in Fig. 4. 


Acarospora fuscata (Nyl.) Arnold; Candelariella vitellina (Hoffm.) Mull. Arg.; Le- 
canora grumosa (Pers.) Rohl. 
Germany, Jewish cemetry, Ròdelsee (Unterfranken) 8/86; lichens on sandstone 


Vertically sectioned sandstone encrusted with the lichens Acarospora fusca- 
ta, Candelariella vitellina and Lecanora grumosa as observed by light microsco- 
py, reveals an extensive compact network of hyphae, which reaches penetration 
depths of up to 3 mm. At the rock/lichen interface the attacked stone material 
is inchoherent, evidenced by a notable increase in porosity and a decrease in sta- 
bility between the structural components leading to a lifting of the surface. This 
deterioration phenomenon, formerly assumed as abiogenic was called ‘‘swelling** 
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Fig. 1- x 670. Macerat of Caloplaca heppiana. SEM-photo showing a print of an apothecium with and 
individual hyphae (on the left) penetrating the limestone 
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Fig. 2- x 1700. Detail of Fig. 1; pit with a boring channel as connection to the inside of the stone. 
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Fig. 3- x 700. Hyphae of Caloplaca heppiana, SEM-photo, cast, showing by partial removal of the 
rock, how the hyphae penetrate through the stone lamellae. 
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Fig. 4- x 40. Cross section through the thallus of Caleplaca heppiana, SEM-photo, cast. A compact 
network of endolithic hyphae penetrating the rock. 
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Fig. 5- x 300. Candelariella vitellina, SEM-photo, cast. Rock matrix partially dissolved. The fungal 
hyphae penetrate the porous and loosened rock material. 
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Fig. 6- x 300. Macerate, SEM-photo. Corroded surface of quartz caused by the activity of Rhizocar- 
pon geographicum. 
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(Torraca, 1980). Such patterns of biogenic initial stages of desquamation are also 
connected with the lichens Lecanora polytropa, Lecanora rupicola, Lecanora sul- 
phurea and Lecidea fuscoatra. SEM observations of a cast with Candelariella vi- 
tellina show mineral fragments intensively incorporated into the lichen mycelium 
(Fig. 5). 


Rhizocarpon geographicum (L.) DC. 
Italy, Pozzuoli 8/84; lichen on quartzitic stone. 


In general quartzitic rock surfaces are considered as extremely resistant to wea- 
thering. The present study demonstrates that, after removal of the lichen, the thal- 
lus/stone interface indicates significant etching patterns (Fig. 6). Comparable ob- 
sevations have been made by Hallbauer & Jahns (1977) and Jones et al. (1981). 
Moreover, Jones, Wilson & MacHardy correlated the biocorrosion effect more to 
the acidic properties rather than to the complexation effects of lichenic compounds. 


Lecanora dispersa (Pers.), Sommerf. 
Germany, Jewish cemetry Hamburg 9/86 and Oldenburg 4/87; lichens on limestone. 


A macerated sample of this calcicole lichen indicates biogenic pits and muci- 
laginous etching figures on places formerly colonized by apothecia on the surface 
of the rock (Fig. 7). SEM examinations of the apothecia show the margins of the 
fruiting bodies properly encrusted with calcium oxalate (Figs. 8, 9). The biomi- 
neralisation of Ca-oxalate depends on the substrate and on the lichen involved. 
Amounts of up to 60 pe cent of the lichen dry weight have been observed (Syers 
et al. 1967). Depending on the formation conditions Ca-oxalate can occur as ‘‘whe- 
wellite‘* mineral, a monohydrate (Ca,O0, . H 0), or as ‘‘Weddellite‘‘, a dihydrate 
(CaC ,0,). The crystal form of the whewellite is plateled-shaped and that of the 
wheddellite is bipyramidal (Jones & Wilson, 1986). Besides, a cast of the lichen 
encrusted stone indicates mucilaginous excretions (Fig. 10). 


Pyrenocarpous endolithic lichens 
Israel, Negev 8/86; lichen on limestone. 


Samples carrying several endolithic pyrenocarpous lichen species are charac- 
terized by a typical jigsaw puzzle-like pattern (Danin et al. 1982, 1983). Adjacent 
colonies of these lichens form micro grooves which are filled up by fungal hyphae 
of the neighbouring lichens (Fig. 11). SEM observations of macerated samples and 
casts indicate biopitting and other biocorrosive patterns evidenced by differently 
developed pits and holes caused by the penetration of individual hyphae and by 
the activity of the fruiting bodies (Figs. 12, 13). This biodeterioration pattern has 
already been documented by Krumbein (1969) and later by Danin et al. (1982, 1983). 
Additionally, chasmolithic lichens colonizing fissures and cracks inside of the rock 
were documented. 
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Fig. 7- x 220. Macerate of Lecanora dispersa, SEM-photo, showing mucilaginous etching figures of 
the apothecia as well as biogenic pits. 
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Fig. 8 - x 30. Scanning electron micrograph showing apothecia of Lecanora dispersa. 
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Fig. 9 - x 6600. Detail of Fig. 7. Ca-oxalate crystals with tetragonal symmetry and bipyramidal crystal 
form (wheddellite) on the margin of the fruiting body of Lecanora dispersa. 
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Fig. 10 - x 330. Lecanora dispersa, SEM-photo, cast, showing the network of endolithic fungal hyphae 
and mucilaginous excretions. 
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Fig. 11 - x 30. Scanning electron micrograph of a macerated sample showing a micro groove induced 
by the expansion and contraction of the adjacent lichen thalli as well as biogenic pits. 





Fig. 12 - x 30. Macerate, SEM-photo, showing the pitting corrosion induced by the activity of endoli- 
thic lichens. 
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The weathering activities caused by epilithic and endolithic lichens were de- 
scribed. These deteriorations of the stones are positively connected to the phy- 
sical and chemical activity of the lichen involved. Based on its poikilohydric cha- 
racter the thallus is exposed to large and frequent fluctuations in water content 
creating tensions in the thallus, compared to a pulling strain (Bachmann, 1922, 
1923; Fry, 1927; Ried, 1960). These alternating processes along with the micro- 
climate conditions (Jahns & Ott, 1983) as well as the chemical reactions bring about 
the diruption of rock fragments. 

Lichens excrete a variety of secondary metabolic compounds. Many of these 
substances are powerful metal-complexing agents although differing in their che- 
lating capacity. This fact seems to be correlated rather to the polar groups such 
as -OH and -COOH than to the water solubility of the compounds. In fact, the pre- 
sence of the donators in ortho-position favours the formation of soluble comple- 
xes which are frequently coloured. On the other hand, oxalic acid, very common 
in microorganisms and plants is also widespread in lichens being concerned as a 
significant weathering agent (Zopf, 1907; Smith, 1921). Synthezised by the my- 
cobiont, oxalic acid is excreted, forming hardly soluble calcium oxalate, which is 
an extracellular deposit (Henssen & Jahns, 1974; Schade, 1970). These calcium oxa- 
lates are derived from the dissolution of limestone, marble, dolomite but also by 
calcium leaching from feldspars and mica. The weathering phenomena brought 
about at the rock/lichen interface are etching patterns and inhomogenities like 
desquamation/exfoliant and sanding from the surface of the stone. Biocorrosive 
activity of mucus produced by the mycobiont must also be taken into considera- 
tion. In its dry state, it can produce high adhesion strenghts, leading to a reduc- 
tion of cohesion and adhesion between the structural components (Fry, 1922, 1927; 
Eichler, 1986). Besides this, many of these mucilaginous substances are aggres- 
sive and active on the surface or degraded by acid producing bacteria (Krumbein, 
1973; Krumbein & Schònborn-Krumbein, 1987). Furthermore they act like ‘‘fly- 
paper‘‘ and particulate aerosol is caught to much larger extent on rocks colonized 
by epi- and endolithic lichen. These materials in turn can further contribute to 
biological, chemical and physical destructions on and in rocks of different che- 
mistries and mineralogies. 

The extent of rock biocorrosion underneath lichen cover and through endo- 
lithic organisms seems to be influenced strongly by the nature of the thallus and 
its physical and mechanical actions but also by the physical and chemical com- 
position of the rock. Moreover, the ‘‘biomechanical** deterioration of the stone 
precedes its biologically or abiogenically initiated chemical decomposition, and bio- 
corrosion precedes abiogenic corrosion processes. 


Conclusions 


Weathering activities by epilithic and endolithic lichens are positively connec- 
ted to the thallus expansion and contraction and hyphae penetration as well as 
to the chelating capacities of the lichen substances and oxalic acid. Furthermore, 
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Fig. 13 - x 300. Detail of Fig. 11. Perithecium with crystalline deposit around the pore, pushing through 
the surface of the stone. Consider the typical pore of this fruiting body. 


the intensity of rock weathering is influenced by the lichen tissue and the phy- 
sical and chemical composition of the rock. Moreover, the macro- and microcli- 
mate conditions must also be taken into consideration. 

Finally, the overall effect influencing the stone weathering appears in a very 
complex context. Obviously, one has to be careful in forwarding oversimple che- 
mical, physical or biological theories which do not correlate with the phenomena. 
Following the investigations presented here, further empirical as well as analy- 
tical studies seem to be necessary in order to obtain a better understanding of both 
abiogenic and biogenic weathering processes although we start to understand some 
of the complex procedures and processes going on in the field of biogenic action 
by physical and chemical means and among the chemical means through the ac- 
tion of biogenic inorganic and organic acids or any other aggressive compound. 
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MICROSCOPICAL INVESTIGATION ON A MARBLE ENCRUSTING LICHEN 
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Abstract: The wheathering ability of Aspiciliacontorta thalli with respect to their substrate, a marble 
tombstone, was studied by conventional, fluorescence, polarized and electron scanning microscopy. Our 
observations can help to visualize the mechanical fracturing and some product of the lichen metabo- 
lism which can affect the mechanical and chemical stability of the substrate. 


Introduction 


The effects caused by lichen colonization on lithic surfaces often give rise to 
serious problems of preservation for works holding an artistic and historical in- 
terest (Nimis et al. 1987). 

This happens whenever, owing to the lichen covering, deterioration, chro- 
matic alterations and loss of detail occur on the stonework. 

The biodeterioration of the rock materials achieved by lichens results from phy- 
sical and chemical processes (Syers & Iskandar 1973, Jones & Wilson 1985, Sea- 
ward 1988). The physical ones are erosion and breaking of the superficial layers 
in relation to hyphal adhesion and penetration between the particles of the substra- 
te. That’s because of the expansion and shrinking movements due to the variable 
hydration conditions of the thallus. The chemical ones, on the contrary, concern 
the solubilization and chelation processes carried out,in the formation of metallic 
complexes, by some metabolic products and other substances characteristic of the 
chemistry of the lichen thallus. 

This investigation, based on the use of some methods of microscopical obser- 
vation in the study of the relationships between an epilitic lichen and its substra- 
te, is the first approach by the authors in the field of biodeterioration by lichens. 

The authors hope to contribute to the definition of basic methods to study the 
physical-chemical changes due to the colonization of lichens on lithic substrates. 
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Materials and methods 


Thalli of Aspicilia contorta (Hoffm.) Krempelh. were used in our microsco- 
pical investigations. 

A few samples are preserved in the author’s personal herbaria, a sample is in 
the lichenological herbarium of the University of Trieste (TSB, Herb. Nimis). 

The lichen was growing on a fragment of a white marble of Carrara tombstone 
found in the graveyard of Semorile (Genoa), colonized mainly by the considered 
species. 

Different procedures of preparation of the material were carried out accor- 
ding to the different kinds of microscopical observation. 

1.1 - Small pieces of marble, colonized by the lichen, were obtained by a stone 
chisel impacting on the unbound block laid on the sand. These fragments were 
placed in diluted HC] (0.1-0.2 N) according to Fry‘s (1922) modified method till 
the CaCO 3 was removed (3-4 hours). The material was rinsed in water, then pla- 
ced in phosphate buffer pH 6.8 0.01 M for 2 hours and subsequently fixed in FAA 
(formalin-ethanol 60%- acetic acid) (Sass 1958) for 24 hours. 

After washing in buffer and after dehydration in an ethanol series, samples 
were embeded in JB4 water-soluble resin (Polyscience Inc.) (Brinn & Pickett 1979) 
in BEEM capsules (Polyscience Inc.). Sections 2.5 um thick were cut with a glass 
knife on a Reichert OM2 microtome. 


The following histochemical reactions were carried out on sections: 

1.2 - Toluidine Blue 0 (TBO) 0.5% in water for 2 minutes as a general stain 
(O’Brien & McCully 1981). 

1.3 - Toluidine Blue 0 (TBO) 0.5% in acetate buffer 0.05 M pH 4.4 as a meta- 
chromatic stain for polyanions (to demonstrate metachromasia of acid polysac- 
charides (Pearse 1985). 

1.4 Periodic acid - Schiff reaction (PAS) for general localization of insoluble 
polysaccharides (Pearse 1985). 

1.5 Alcian Blue 8GX 1% in acetic acid 3% at pH 2.5 for 30 minutes for the lo- 
calization of acid polysaccharides (Lev & Spicer 1964). 

2.1 - Small pieces of thallus were detached from the substrate by a sharp chi- 
sel, then treated according to Yasue method (1969). Samples were placed in acetic 
acid 5% for 30 min. to remove calcium carbonate and the possible presence of cal- 
cium sulphate and phosphate; they were then transferred in AgNO, 5% for 15 
min. and later rinsed in a saturated solution of rubeanic acid (ditio-oxamide) in 
ethanol 70% including 2 drops of NH ,OH 25% for 1 min. 

Through this procedure the crystals of calcium oxalate, insoluble in acetic acid, 
showed themselves as a dark-brown precipitate when observed with light con- 
ventional microscopy. 

2.2 - After digestion with acetic acid 5%, some of the samples were dehydra- 
ted and embedded in JB4 as described above. Semithin sections, stained with 
aqueous TBO, were observed by light conventional microscopy supplied with orien- 
tative polarization (see further). 
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Another series of observations were carried out on samples freely sectioned 
on the substrate. This in order to visualize the interactions between the lichen and 
its substrate by means of two procedures. 

3.1 -Marble sections about 1 mm thick carrying lichen, were obtained by a sharp 
woodwork chisel, struck by a hammer, impacting on the unbound block. The stro- 
ke on the block was thrown perpendiculary to its borders: in this way it detached 
the small above-mentioned sections, used in the different observations. 

3.2 - A parallel series of observations were carried out on sections obtained 
by the chisel impacting parallely with the surface of the marble and very little 
below it. 

This method allowed to obtain thin marble chips carrying small pieces of li- 
chen, suitable for the superficial view of the thallus. 

The samples obtained in this way were employed in the following conditions: 
a) observed with orientative polarization 
b) observed with fluorescent microscopy 
c) observed with scanning electron microscopy 

The above cited observations (a) and (b) were carried out by a Leitz Dialux 22 
EB microscope. 

Particularly in the observations (a) an apparatus for the orientative polariza- 
tion was added to the microscope, consisting of an analyzer suitable for its inter- 
position between the eye-piece and the lens and of a rotating polarizer placed be- 
fore che condenser. 

In the observations (b) a Ploem-Opak epi-fluorescent apparatus was added to 
the microscope together with a Hg HBO vapour lamp (50 W) and with two Leitz 
filter-systems. The former (H2) determines the blue-violet incident light between 
390-490 nm of wavelenght, the latter (A) determines a ultraviolet incident light 
between 340-380 nm of wavelenght. 

In a microscope equipped by epi-illumination the thickness of the examined 
samples is not very important; this permitted us to employ the marble chips. 

For the SEM observations the samples were directly coated 200-220 A in 
thickness with gold in aSputtering Agar Aids and observed with a Cambridge Ste- 
reoscan 250 MK2 at an acceleration voltage of 20 Kv. 


Results and discussion 


Aspicilia contorta is an epilithic areolate lichen which forms a dense covering 
on the examined marble surface. The tombstone is situated 60 cm above the ground, 
facing South and having a sub-horizontal lying. Fig. 1, a SEM micrograph obtai- 
ned with 3-i procedure, shows the substrate underlying the lichen. In SEM obser- 
vations the marble appears like a rock of granular close structure, made by cry- 
stal aggregates of small rhombohedral particles of calcite (grains), here about 200 
pm in thickness. They are closely connected without a specific link, owing to in- 
teraction forces rising from the typology of formation, which hold them together 
(Mannoni & Mannoni 1978). In the same illustration some detachments among the 
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grains are visible, presumably an artefact caused in this case by the cutting tech- 
nique. According to Manganelli del Fa & Lazzarini (1986) every outer force acting 
on the rock can affect the stability of the granoblastic structure, producing micro- 
fissures. In other words according to the above mentioned authors, already du- 
ring the excavation of the blocks, the material might undergo stresses becoming 
still bigger and bigger during the realization of the manufacture. In consequence 
of this some superficial porosities in the marble may occur. Moreover, because of 
the anysothropic features in relation to the expansion coefficient of calcite cry- 
stals, some tensions inside the rock may take place when directly exposed to the 
sun light. Such tensions would lead to disaggregation of the grains, together with 
clear processes of polygonal cracks and superficial crumbling on the exposed areas 
of the marble (Manganelli del Fa % Lazzarini 1986). In this way the above men- 
tioned events should promote the establishment of various epilithic organisms and 
their following penetration. 

The micrograph 2, a magnification of the foregoing one, shows a bundle of hy- 
phae of Aspicilia contorta creeping along the face of a calcite grain, once adhe- 
sion surface of another grain. 

The lichen hyphae should have penetrated through a pre-existent porosity, rea- 
ching about 400 um in depth, as it’s deducible from fig. 1. 

We can suppose that the alternate hydration conditions and the lichen growth 
increase the detachment of the grain. 

Hyphal penetration is still visible at 1 mm in depth in fig. 3, another magni- 
ficant of fig. 1, showing other interesting effects due to the lichen presence. The 
central part of the micrograph shows the above examined aspect, the magnifi- 
cation of its upper side (figs. 4, 5, 6) bears evidence of clear and deep incisures 
on the surface of the calcite crystals, looking like the impression leaved by the 
lodgings of the hyphal ramifications. Such incisures seem to testify a superficial 
former corrosion of the grains, appearing as distinctive ‘‘furrowings‘* of the mi- 
neral surface. 

In our case the SEM observations seem to show that the hyphal ramifications 
don’t penetrate the hard calcite crystals, but eroding them superficially, they go 
round them, creeping in depth afterwards, exploiting and increasing detachments 
of the grains. 


Fig. 1- 6: Scanning electron micrographs. 
Fig. 1 - Fragment of marble of granoblastic structure carrying Aspicilia contorta (arrow). X 70. 
Fig. 2 - Along the surface of a calcite grain a bundle of deeply penetrating hyphae, is visible. X 700. 


Fig. 3- At 1mm indepth (compare with fig. 1), bundles of hyphae and their marks, looking like ‘‘fur- 
rowings‘‘ along the faces of the calcite grains, are visible. X 200. 


Fig. 4 - 6: Various aspects of the grain surfaces colonized by the lichen thallus. Clear incisures of the 
mineral surface and the hvphal ramifications are visible. Fig. 4: X 800; fig. 5: X 500; fig. 6: X 1200. 
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Fig. 7 shows a semithin section of the upper portion of an areola of Aspicilia 
contorta after removal of the substrate (1.1), stained with TBO (1.3) at pH 4.4. 

In this conditions several different polyanions (polycarboxylic acid, polysul- 
phates and polyphospates) carry a negative charge and give a metachromatic reac- 
tion, staining magenta-red with TBO. 

The remaining portions of the thallus stain orthochromatically (blue); the ou- 
ter part of the cortex and the medulla stain metachromatically. 

The positive PAS (1.4) and Alcian Blue (1.5), here not shown, confirm this fact 
giving evidence of the mucopolysaccharidic nature (carboxylated polysacchari- 
des) of the substance responsible for the metachromatic staining with TBO. 

This type of molecule is capable of linking water in amounts directly related 
to the intensity of the available negative charges (Modenesi & Vanzo 1986). 

Mucopolysaccharidic substances can contribute to thallus hydration, delaying 
drying and preventing excessive water loss. Fig. 8 shows the lower part of the areo- 
la: in direct contact with the substrate the hypothallus in visible. It is made up 
of a network of hyphal bundles, not penetrating the rock in this area. 

On the contrary, two other illustrations (figs. 9, 10) show that thick bundles 
of hyphae creep in depth, just where this penetration is possible, probably be- 
cause of the pre-existent superficial disgregations of the grains. 

In this case the observations carried out with SEM are confirmed. It’s oppor- 
tune to report the presence, at 400-500 y in depth, of clusters of algae which have 
been brought here by the penetrating bundles of hyphae (figs. 10, 11). 

This has been reported as a common feature in some epilithic lichens growing 
on calcareous rocks (Fry 1922). This fact testifies, according to us, the good hy- 
dration conditions and the sufficient lighting in depth. Marble is a translucent rock: 
light passes through a 25 mm in thick section of white marble of Carrara (Mannoni 
& Mannoni 1978). 

Inside the substrate the hyphae constituting the bundles sometimes take a glo- 
bular appearance (fig. 12), forming dense clusters of spheroidal, thin walled cells. 

These formations (Bachmann 1919, Fry 1922, Kushnir et al 1978) in epi- and 
endolithic lichens mostly on calcareous substrates, are known as oil hyphae con- 
taing triacylglycerol as the predominant lipid component (Kushnir et al. 1978). 

Following the 1.1 procedure, the dehydration in an ethanol series and the em- 


Fig. 7 - 12: Semi-thin cross sections of the thallus of A. conterta after removal of calcium carbonate 
by hydrochloric acid. TBO. 


Fig. 7 - Upper portion of an areole. The medulla and the thin outer portion of the cortex stain me- 
tachromatically. X 500. 


Fig. 8 - Lower part of an areole. Note the network of the bundles of hyphae, constituting the hypo- 
thallus, directly in contact with the substrate (here removed). X 500. 


Fig. 9 - 10: Some strong bundles of hyphae leave the hypothallus, they deeply creep into the substra- 
te exploiting its porosities. X 500. 
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bedding in resin have completely removed the lipidic contents. 

The histochemical evidence may be obtained by avoiding such passages after 
digestion with HC] (1.6). 

The content, little oil drops, is displayed by staining with benzopyren, specific 
and very sensitive to lipids which stain bluish in fluorescence when observed un- 
der UV light (A filter) (fig. 13). 

Using such stain the formations of oil hyphae appear to be plentiful and dif- 
fused in the whole soft hyphal network penetrating marble through its several 
porosities (fig. 14). Beside the apothecia (fig. 15), in accordance with the obser- 
vations of Fry (1922), a lot of such formations are visible; this may be in relation 
to the zones of high metabolism. 

According to other authors, Fry (1922) suggested that the lipid formed a sto- 
rage of waste product in relation the adverse environment conditions, such as the 
scarcity of nitrogen and the excess of calcium carbonate. 

Kushnir et al. (1978), on the basis of the observation that isolated mycobionts 
of endolithic lichens retained their ability to produce and accumulate unusually 
large quantities of lipids under optimal growth conditions, think this feature as 
to be due to the genetics of the fungus, but they consider still enigmatic its di- 
splay in epi- endolithic lichens. Other authors (Dertien et al 1977) suggest that oil 
is a possible source of endogenous water or that it represents a storage material 
and a metabolic fuel (Sorokin 1967). 

Apart from the functional meaning of the oil hyphae, it seems reasonable to 
point out their massive presence in the suprficial zone of the marble colonized by 
Aspicilia contorta. The role played by the lipidic material with respect to rock 
biodeterioration is unknown. 

Fig. 16 shows the thalline surface of A. contorta still binded to the marble 
substrate, viewed with light microscopy equipped with orientative polarization 
(3.2). 

The light doesn’t pass the thick areolate thallus, but it does through marble 
cracks, in this way drawing the outlines of the thalline compartiments. 

{t’s under consideration the possibility of using this type of observations to fol- 
low the changes of the size and of the borderline of the areoles in relation to the 
different hydration conditions of the thallus. 


Fig. 11 - At 400-500 um in depth inside the substrate some clusters of algae are visible. X 500. 
Fig. 12 - A cluster of ‘‘oil hyphae‘ inside the substrate. X 500. 


Fig. 13 - 15: Fragments of the thallus after digestion of calcium carbonate by HCl stained with ben- 
zophyrene. Fluorescence microscopy, UV light. 


Fig. 13 - The oil drops contained in the oil hyphae are visible on account of their bluish UV fluorescen- 
ce after staining with benzophyrene. X 500. 


Fig. 14 - All the fine hyphal weaving, penetrating the marble, are rich in oil storages. X 100. 
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In fact according to Malinowski (1911) the areolate structure is an adaptation 
peculiar to the epilithic lichens against alternate hydration situations. 

The figs. 18, 19, 20 regard thin sections (2.2) of material in which the calcium 
carbonate has been removedby acetic acid 5%, andstained with aqueous TBO (1.2). 

The orientative polarization shows, when completely inserted (fig. 20), that 
some birefractive crystals are still visible mainly in the lateral epilithic parts of 
the areoles (figs. 18 and 19 for comparison). 

Fig. 21, with polarization partly inserted, shows a more general view of the 
location of crystals in the areoles. 

Fig. 17 (2.1) shows the appearance of a thalline areole treated with acetic acid 
5% and then stained with the Yasue method (1969) for the localization of calcium 
oxalate. This appears as a brown-black precipitate. 

The upper view of the areole with the oxalate precipitate placed as a ring, con- 
firms the observations carried out with orientative polarization. 

Oxalic acid seems to be an important agent of weathering of rocks (Jones et 
al. 1980), forming salts whose cations depend on the nature of the lithic matrix 
colonized by the lichen (Wilson et al. 1980). 

Ascaso et al.(1882) were able to point out that dissolution of calcite by secre- 
tion of oxalic acid led to precipitation of calcium oxalate in Caloplaca callopisma 
and other calcicolous lichens. 

Our observations visualize this phenomenon in A. contorta showing the loca- 
lization of the oxalate. 

Sections obtained with the 3.1 procedure have been observed by fluorescence 
microscopy. 

Fig. 22 shows one of these samples observed under violet-blue light (H2 filter). 
In the picture are visible the cross sections of an areole and of a lecanorine apo- 
thecium, in which the algae, fluorescent in red because of the chlorophyll a, climb 
up the thalline edge. 

The medullary hyphae, beneath the apothecium and in the near areole, pe- 
netrate into the marble and have a yellowish fluorescence. 

The cortex is not visible by means of this type of observation, but when the 
sections were observed under ultraviolet light (A filter) the algal layer is hardly 
visible, the medulla and the cortex appear bluish fluorescent (fig. 23). Fig. 24 
shows such bluish fluorescence by a greater magnification, this picture may be 


Fig. 15 - The oil storages are mainly placed beneath the apothecia. X 500. 


Fig. 16 - Upper view of the thallus of A. contorta still binded to the marble, observed with orientative 
polarization. The light doesn’t pass through the thick thalline areoles, looking dark, while it 
does through the fissures where the thin hypothallus occurs. X 100. 


Fig. 17 - Upper view of a thalline areole after digestion of calcium carbonate by acetic acid and then 
treated according to Yasue (1969) method. The calcium oxalate precipitates stain dark-brown. 
~X 100. 
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compared with a section obtained by the same procedure (3.1), but observed in 
orientative polarization (fig. 25). In the cortex a deposit of birefractive crystalline 
material is clearly visible, corresponding to the material responsible of the bluish 
fluorescence of the cortex in UV. 

The localization of this UV fluorescent material may be observed one more time 
following the 3.2 procedure. Examining the thallus with fluorescence microsco- 
py, a bluish fluorescent deposit becomes visible, widespread on the cortical sur- 
face of the areoles and absent in the crack. Such deposit can be removed by a pre- 
vious immersion in acetone for a few minutes. 

Some investigations (TLC analysis, data not reported) carried out about the na- 
ture of this substance and informations from the literature (Culberson 1969, 1970; 
Culberson et al. 1977) led us to exclude any connection between the substance 
observed by fluorescence microscopy and the lichen substances known in A. con- 
torta. This substance, moreover, though is soluble in acetone as the lichen substan- 
ces, unlike these ones appears to be strongly water soluble. 

In fact observing figs. 27 and 28 we can note, as well as it’s visible with fluo- 
rescence microscopy, the immediate removal of the UV fluorescent cortical 
substance due to a water drop (fig. 26) added to a section initially examined in 
dry conditions (fig. 27). 

Some lichen substances show a very low water solubility, about 5 to 57 mg/l 
(Iskandar & Syers 1972); however this is sufficient, owing to the presence of polar 
groups, to justify their capability to form metallic complexes with the cations consti- 
tuting the mineral surfaces (Syers & Iskandar 1973). 

At present we are investigating the nature of the UV fluorescent substance, 
trying to characterize it and to determine its possible capability to complex metal 
cations of the substrate. 


Fig. 18 - 21: Cross sections of a thalline areole after removal of calcium carbonate by acetic acid. Ob- 
servations with the orientative polarization. 


Fig. 18 - 20: Series of micrographs showing the appearance of the birefractive crystals of calcium oxa- 
late along the lateral portions of an areole. Polarization excluded (fig. 18), partly inserted (fig. 
19), entirely inserted (fig. 20). X 500. 


Fig. 21 - General view of the thalline areoles containing the birefractive crystals of calcium oxalate. 
Polarization partly inserted. X 100. 
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22 - 24,26 - 28: ‘‘Free-hand‘‘ sections of A. centorta thalli still binded to the marble. Fluorescence 
microscopy. 


22 - Cross section of an areole and an apothecium. Observation under violet-blue exciting light. X 100. 


25 - Cross sections of an areole observed under UV exciting light. Note the intensely fluorescent 
(bluish) strip at the cortical level. X 100. 


24 - Magnification of the preceding one showing the fluorescent strip at the cortical level. X 500. 


25 - Cross sections of a thallilne areole observed in polarized light. In correspondance of the cortex 
a shining band is visible due to the occurrence of birefractive crystals. X 100. 


26 - Upper view of the thallus observed under UV exciting light. A bluish fluorescence occurs upon 
every areole. X 100. 
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Conclusion 


The techniques of observation with the optical microscopy provide a valuable 
tool of investigation because of their versatility and suitabillity to the different 
conditions of study. 

The use of resins for the preparation of samples and the use of modern me- 
thods of histochemical observations make easier the possibility of carrying out ca- 
reful structural and clear morphofunctional studies, integrated by parallel obser- 
vations under polarized light and with epifluorescence microscopy, as it’s shown 
by our work. 

The methods of microscopical investigation constitute a useful background 
which can contribute, together with other methods of study, to the knowledge 
of the complex relationships between a lichen and its substrate, through the di- 
rect visualization of the effects. 

When the lithic matrix colonized by the lichen holds such interest that it war- 
rants its preservation the direct visualization of physical and chemical alterations 
may contribute to the determination of precise preservative actions. 

This in accordance with the type of the relations observed, depending on the 
nature of the substrate and on the lichen species. 


be 
~) 


Fig. - Cross section of a thalline areole observed under UV exciting light. The sample is laid on the 


slide in dry conditions. X 100. 
Fig. 28 - The same preceding picture observed after the sample was wetted directly under the lens. 


Note that the bluish fluorescent strip once distinguishable in the cortex, now it’s no longer 
visible. X 100. 
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Abstract: A black and white mosaic of the Neptune’s house, located in the 2nd century Roman city 
Italica, was investigated in order study the lichen colonization of tesserae and mortars. Different stra- 
tegies were observed. They lead to colonization of mosaic in such an extent that lichens clothe the re- 
presented figures, masking and affecting the esthetic value of this work of art. 


Introduction 


Italica is a Roman city located near Sevilla. It was founded in 206 b.C. by the 
Roman general Scipio Africanus, after the battle of Ilipa (Second Punic War) and 
represents the settelement of the first Roman people on the Iberian peninsula and 
the beginning of a rapid romanization. 

During the 2nd century a.C. Italica was favoured by donations, public buil- 
dings, city walls and a new area of sumptuous residential quarters, the nova urbs. 

After the 4th century a.C. there was a gradual decline of the nova urbs until 
it was finally abandoned. 

The official archeological excavations began during the 18th century, but it 
was during the middle of the 19th century and this century when they developed. 

The excavated part of the city offers the visitors a panorama of wide avenues 
and houses with a considerable number of black and white and polychromatic mo- 
saics. These mosaics are protected from visitors by barriers and, because they were 
not cleaned periodically, algae, lichens and mosses, among other organisms, have 
the chance of developing on the rock substrate. 


In this paper, a black and a white mosaic have been selected, located in the 


so-called Neptune’s house, for investigating the lichen colonization. This repre- 
sents the simplest case in which only two types of rocks are involved. Polychro- 
matic mosaics with an ample variety of rocks present a more complicate coloni- 
zation pattern with many species of lichens. This will be studied in a further paper. 
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Material and methods 


The studied mosaic is located in the Neptune’s house and appers to belong to 
the remains of an extensive villa of about 7000 m *. The house contains 8 Opus 
tesellatum and 1 opus fliginum pavements. 

The black and white mosaic represented a repetitive hexagonal figure in which 
a star and a six petaled flower are inserted. The pavement dimensions are 4.90x4.50 
m ‘ and belong to the 2nd century A.C. (Rodriguez Hidalgo, 1987). 

The tessera composition is marble and the cubes of about 1 cm È were regu- 
larity cut, showing a smooth surface. In general the pavement is well preserved, 
although some cracks cross over the mosaic. The lost surface represents about 22%. 
The conservation history is unknown although 15-20 years ago the tesserae were 
removed and included in a new support. 

The most characteristic fact is the extensive lichen development on both black 
and white tesserae as well as on the mortar. 


Results and discussion 


Lichens are conspicuous pioneers on rock and initiate stages of succession. Mo- 
saics are considered as a stable rocky substrate and the lichen communities have 
the chance of developing to maturity over long periods of time. 

It is generally considered that a period of some years must pass before lichens 
establish themselves on new substrates (Seaward, 1977). The mosaics were ex- 
cavated since 1919 and particularly between 1924 and 1932, although a few Ita- 
lica’s houses were excavated in the early seventies. During the elapsed time no 
regular cleaning to ensure removal of dust or organic matter deposition was done. 

Different colonization strategies have been observed in the lichens colonizing 
the mosaics. They can be summarized as follows: 

- Direct colonization on tesserae (Figure 1). The lichens are adapted to pioneer 
growth on bare rock and have the ability to adhere, penetrate and digest mine- 
rals. In general, the attack is both mechanical and chemical. Mechanically, the pe- 
netrating hyphae, by alternative swelling when wet and contracting when dry pro- 
duce cracking. Chemical activities are represented by the synthesis and excretion 
of organic acids (e.g. oxalic acid) and lichenic acids (Syers et al., 1967; Iskandar 
and Syers, 1972). 

This type of attach on the tesserae is exemplified, among others, by Caloplaca 
sp., asaxicolous, nitrophilous lichen with a typical crustose thallus without lower 
cortex (Brighman and Nicholson, 1977). 

- Colonization of mortars and subsequent invasion of tesserae (Figure 2). In this 
case, the lichens have not enough ability for colonizing bare rocks due to a less 
pronunced pioneering character. Therefore, they thrive on a weathered substra- 
te, the mortar, more adapted to support colonization. Pore size, desintegration and 
dissolution of minerals, a richer substrate and favourable water relations, all con- 
tribute to facilitate the exploitation of this environment. Lichens such as Lecidea 
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Fig. 1 - Direct colonization on tesserae. Caloplaca sp. 
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Fig. 2 - Colonization of mortar and subsequent invasion of tesserae. Lecidea sp. 
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Fig. 4 - Non-specific colonization. Aspicilia hoffmannii. 
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Fig. 6 - Stage of mosaic colonization leading to clothing of tesserae. 
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sp. or Aspicilia gr. radiosa, (Figure 3), with thick crustose thalli and an incipient 
lower cortex (Clauzade and Roux, 1985) characterize this strategy. 

- There is another group of lichens with a less specific ecological behaviour. 
These lichens spread through both mortar and tesserae due to less exigent substra- 
te requirements. This is the case of Aspicilia hoffmannii (Figure 4), with well de- 
veloped crustose areolate and whitish-gray thallus. 

These three types of colonization represent pioneering situation of the mosaic 
lichen community, defined as heliophylic, xerophytic and nitrophilous. After this, 
the maturity of the community leads to a fourth stage dominated by less pionee- 
ring lichen species, at least in the initial stage of development, such as Caloplaca 
sp. (Figure 5) and Candelariella vitellina, giving a colourful character typical of 
a mature lichen community (Wirth, 1980). In this last stage, the lichens ‘‘clothe‘‘ 
the mosaics, in such a way that they mask the figures, destroying their compo- 
sition and aesthetic value (Figure 6-8). 


Cleaning and removal of the lichens are being undertaken in order to preserve 
the mosaics. 
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Abstract. Data on lichen presence on some monuments from Piedmont and Aosta Valley are reported. 
Sampling techniques, chosen on the basis of lithological characteristics of the substrata are described, 
and the ecological significance of the identified species is discussed. Preliminary data indicate that the 
majority of the species are neutro-basiphytic and rather nitrophytic, xerophytic and photophytic. Fi- 
nally, most species appear to belong to the Caloplacion decipientis alliance. 


Introduction 


The systematic-ecological study of the organisms responsbile for the degra- 
dation of stoneworks is an important preliminary step for an appropriate resto- 
ration. 

In the case of lichens, this kind of analysis may contribute to a better understan- 
ding of the effects of their presence. Lichens could represent a successful defen- 
ce against atmospheric and/or polluting agents, especially on little consolidated 
materials, or, on the contrary, they could be a serious threat to the stability of 
the substrata because of the physical - chemical alterations they could cause. 

Furthermore, when lichen species are identified and their physiological cha- 
racteristics, i.e. their growth rates, are known, this information may be used to 
date undocumented restorations. 


Data and Methods 


A systematic and ecological investigation was started on the lichens of some 
stone artifacts in Piedmont and Aosta Valley. The monuments were: the facade 
of the Vezzolano Abbey (XXI century, 415 m, Asti) (Piervittori, Sampo, 1987-88), 
the columns in front of Nostra Signora delle Nevi (XVI century) and the House 
of the Memorial Stones (XVII century) in Bousson (1419 m, Torino), the Buon Con- 
siglio Church in Rocchetta Palaces (XIX century, 430 m, Asti), The Cly Castle (XII 
century, 786 m, Aosta). 
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ECOLOGY (Wirth, 1980) 


life nitro- xero-  photo- 
SUBSTRATA SPECIES fortm pH phytism phytism phytism PHYTOSOCIOLOGY 
prasinite 5 Rhizocarpon geographicum (L.) DC. H crust 3.4-5.6 + / / Rhizocarpetea geographici 
brick 1 Lecania erysibe (Ach.) Mudd Herust 3.7-7 ++ +++ +++ Caloplacion decipientis 
sandstone 1,2; plaster 4; Lecanora albescens (Hoffm.) Florke Hats: 8-7 +t ++ : Caloplacion decipientis 
brick 1; cement mortar 2 
sandstone 1; brick 1 Lecanora dispersa (Pers.) Sommerf. H.crusi 527-7 ++ ++ - Caloplacion decipientis 
nega 4 ai È; DER Lecanora muralis (Schreber) Rabenh. Hcrust 5.7-7 +++ ++ + Aspicilion calcareae 
1; prasinite 5; granite 5 
sandstone 1; brick I Candelariella aurella (Hoffm). Zahlbr. Hcrust 7.1-8 ++ +++ +4 Caloplacion decipientis 
sandstone 1; brick 1 Candelariella medians (Nyl.) A.L. Sm. H crust 7 ++ ++ ++ Caloplacion decipientis 
prasinite 5 Candelariella vitellina (Ehrht.) H. crust 4.9-7 + Ses du Rhizocarpetea geographici 
Mull. Arg. 
plaster 4 Caloplaca heppiana (Mill. Arg.) Zahlbr. H crust 7.1-8 ++ ++ ++ Caloplacion decipientis 
plaster 4 Caloplaca teicholyta (Ach.) Steiner H crust 5.7-5 ++ +++ ++ Caloplacion decipientis 
sandstone 3; plaster 4; Xanthoria elegans (Link.) Th. Fr. H fol 4.9-7 ++ +++ ++ Caloplacion decipientis 
prasinite 5 
sandstone 2 Phaeophyscia orbicularis (Neck.) Moberg Hfol 4.9-8 +++ ++ ++ Caloplacion decipientis 
sandstone 1 Physconia grisea (Lam.) Poelt Hfel 37% ces «> ++ Xanthorion parietinae 
prasinite 5 Acarospora sinopica (Wahlenb.) Korb. H crust 3.4-4.8. - - ++ Acarosporion sinopicae 
oe Le AE ALS Collema auriculatum Hoffm. H fol 7-8 = - - Aspicilion calcareae 
limestone 5; concrete 5 
sandstone 1,2; plaster 4 Verrucaria macrostoma Dufour & DC.  H crust it ++ - Caloplacion decipientis 
s.l. 
limestone 5 Verrucaria muralis Ach. H crust 5.7-7.5 + + ++ Aspicilion calcareae 
plaster 4 Dirina stenhammari (Fr. ex Stenh.) H crust 7.1-8 + + - Caloplacion decipientis 


1. facade of the Vezzolano Abbey; 2. columns in front of Nostra Signora delle Nevi Church; 3. the House of the Memorial Stones; 4. Buon Consiglio 
Church; 5, Cly Castle. 
" dro, Po, Gee =A, liete, LANE, Very, 


Given the artistic interest of these monuments sampling methods tried to avoid 
any form of damage. 

Bistouries were used to collect the material and often pre-moistening was re- 
quired in order to facilitate the removal of lichens from very compact substrata. 


Crustaceous species were removed using adhesive tape to preserve their whole 
morphology. 


Results 


Preliminary data are shown in Tab. 1 (ecological and phytosciological charac- 
ters are from Ellenberg, 1967; Seaward, 1977; Wirth, 1980). 

Generally, sandstones and mortars are the building materials with the densest 
lichen cover whereas bricks support lichens only when used for flat lying surfaces. 

The most common species are Lecanora muralis and Xanthoria elegans which 
do not seem particularly affected neither by the type of substrata nor by climatic 
factors. 

The Candelariellae, generally have the tendency to colonize edges and con- 
tact zones between different surfaces. 

The apparently anomalous presence of Collema auriculatum, a notoriously hy- 
grophytic species, in a xeric locality such as Bousson can be accounted for by wa- 
ter leaking from nearby buildings. 

Most of the species are crustose. 

Neutro-basiphytic, xerophytic, photophytic, nitrophytic species prevail. The 
majority of nitrophytic species are ornitocoprophytic such as Candelariella au- 
rella, Lecanora albescens, Xanthoria elegans. Most of the species can be attributed 


to the Caloplacion decipientis Klem. 50, a vegetation common on artificial substra- 
ta. 
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Abstract: the lichen vegetation of the Cathedral of Orvieto (Central Italy) has been studied on the ba- 
sis of 29 phytosociological releves carried out on different parts of the church, and on different substra- 
tes. The species by releves matrix has been submitted to classification and ordination to detect diffe- 
rent community-types and to study possible ecological gradients. The ecology of the community-types 
has been studied by means of the ecological indices derived from Wirth (1980). The main causes of li- 
chen growth in different parts of the church, the main aesthetic damages, and the possible measures 
for eliminating and preventing lichen growth are discussed. 


Riassunto breve: LA VEGETAZIONE LICHENICA DEL DUOMO DI ORVIETO. La vegetazione lichenica 
del duomo di Orvieto è stata studiata sulla base di 29 rilievi fitosociologici effettuati in diverse parti 
della chiesa, e su diversi substrati. La matrice delle specie e dei rilievi è stata sottoposta a classifica- 
zione ed ordinamento al fine di individuare diversi tipi di vegetazione e di evidenziare possibili gra- 
dienti ecologici. L’ecologia dei diversi tipi di vegetazione è stata studiata utilizzando le diagnosi eco- 
logiche proposte da Wirth (1980) per le singole specie. Vengono discussi le principali cause che deter- 
minano la crescita dei licheni nelle diversi parti del Duomo, i principali danni estetici da essi creati, 
e possibili misure di intervento per eliminare e prevenire la crescita dei licheni nella parti maggior- 
mente colpite. 


Introduction 


Stone monuments are frequently colonized by lichens. This implies several con- 
servation and restoration problems, for whose solution the following points are 
of importance: 

a) Acquisition of information on the type of damages caused by lichens. The da- 
mage may be purely aesthetic (chromatic alterations), or chemico-physical (alte- 
rations of the properties of the rock surface); 

b) choice of elimination techniques. These may be based on the application of bio- 
cides, on mechanical means, or on both. The choice of the best techniques de- 
pends on knowledge related to points a), c), d), and e); 

c) information on the consequences of elimination. These are particularly evident 
in the case of endolithic lichens (Nimis et al. 1987), where the elimination of the 


* This study has been financed by M.P.I. funds 40 and 60%, to P.L. Nimis. 
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lichens implies the abrasion of a thin rock layer; 
d) information on the causes of lichen growth. Many interventions risk to be ephe- 
merous if the main causes of lichen growth are not eliminated. This is particularly 
evident in the case of nitrophytic lichens, which have a relatively rapid growth; 
their elimination should be accompanied by a reduction of the main eutrophica- 
tion sources (e.g. bird excrements); 
e) information on the reproductive strategy of lichens. The purely mechanical eli- 
mination of some sorediate species might be not sufficient, since it does not allow 
the elimination of all small vegetative propagules (soredia). In such cases the in- 
tervention should be accompanied by the application of appropriate biocides. 
This study concerns the lichen vegetation of Orvieto’s Cathedral, in Central 
Italy (Umbria Region, Province of Perugia). Its main aim is to acquire informations 
on: a) types of lichen vegetation present on the monument, b) their location on 
the monument, c) main ecological factors affecting lichen growth on different parts 
of the monument, d) main types of damages caused by lichens. Such informations 
are indispensable to start any intervention aimed at eliminating lichen growth. 


Data and Methods 


This study is based on 29 phytosociological releves carried out in different parts 
of Orvieto’s Cathedral. The Cathedral is one of the most famous examples of Ita- 
lian Gothic; it is located at the top of Orvieto’s hill, at ca. 325 m; the church is 
oriented in an east-west direction, the main facade facing west. The walls are built 
with alternating bands of white limestone and black basaltic rocks; marble has been 
used chiefly to decorate the main facade. 

Each releve consists in a list of species present on a surface of 20 x 20 cm, A 
cover value has been assigned to each species, according to the following scale: 


+ =less than 1% 
1=1-20% 
2=21-40% 
3=41-60% 
4=61-80% 

5 =81-100% 


The location of the releves on the church is as follows: 
Releves 1 to 4: Statues under the tympanum of the main facade (marble). 
Releves 5 to 12: Upper part of the lower tympanum (travertine). 
Releves 13 to 17: lower part of the lower tympanum. 
Releves 18, 26 to 29: basement at the northern side of the Church (limestone), at 
50 cm aboveground. 
Releves 19, 22: northern side of the church, at 1.5-2.5 m, on limestone. 
Releves 20, 21, 23 to 25: northern side of the church, at 1.5-2.5 m, on basaltic rock. 
The southern side of the church hosts a very poor and fragmentary lichen ve- 


78 


Tab. 1 - Phytosociological table of lichen vegetation. The releves and the species are ordered as in the 
respective dendrograms. 


Releve Group Nr. lh NL de BY 1 CISA IZED e202 OPED 8) 3 9 9009) d' fd Gd Sy OPiS 5 
Releve Nr. Ty alt gle © I 1 110428 ili We 72; BAP ODP ED QD 202. 
Di Td D7 i618 16D, (OP BO 7A 460-098 9 4 29941: OT A OMS 
Sp.Nr. 
12 Physcia orbicularis IZ+t.a + t ks fame 
11 Caloplaca teicholyta che te Chee Oe é + 
36 Lecanora dispersa Fla ots + Li 
8 Xanthoria calcicola E al ch i i 
20 Physcia adscendens + + 
29 Physcia dubia eau: 
18 Xanthoria parietina + 
17 Lecanora muralis s.str. + 2 + 
19 Physconia grisea + 
li Caloplaca flavescens By gli VI Ascoli IR 4 ZE MA 
9 Caloplaca granulosa # a Ia 
6 Caloplaca saxicola Sia pl cele RIOT FRO La SIA tf 2288 I + + 
4 Lecanora albescens Dh ee LR A DS Ge GE de LOI 
2 Caloplaca biatorina v.gyalolechiodes +1++4# di ee A 3 2 9 2 
25 Rinodina bischoffii hi + 
34 Caloplaca citrina È dk fe 
32 Catillaria lenticularis +. E 
22 Verrucaria marmorea i PZ, eo) 1 
29 Verrucaria parmigera At al 
99 Lecania turicensis * + 
16 Verrucaria nigrescens abate + + Lp lait, ad a 
9 Candelariella aurella da Asi + ie oF + i + 
25 Lecanora muralis v.versicolor x 
21 Aspicilia contorta iI ] 
14 Caloplaca lithophila E 
1 Caloplaca erythrocarpa i Tet + 
13 Aspicilia calcarea + Det E 114 
9 Caloplaca aurantia Foe A ATE BO 21 
15 Aspicilia hoffmannii + * ARE 
10 Candelariella medians + Ù i st ph, 
28 Haematomma ochroleucum v. ochrol. bl et ae 
Id Haematomma ochrol. v. porphyrium gi 3 ed 
26 Tephromela atra td 4 & 
31 Lecidella stigmatea ta le, Ble 
30 Candelariella vitellina di Shi ICE 
27 Lecanora sulphurea VE SZIOZINI 
24 Diploicia canescens DI oe lle te 
38 Dirina massiliensis f. sorediata Pte et 


getation, so that no releve has been carried out there. Other parts of the church 
were not accessible during the survey period. 

The matrix of the species and of the releves (Tab. 1) has been submitted to 
multivariate analysis in order to tipify the vegetation and to quantify the rela- 
tions between its compositional variation and the variation of some main ecolo- 
gical factors. Ecological information has been derived, in an indirect way, from 
the ecological diagnoses proposed by Wirth (1980), regarding pH requirements, to- 
lerance to eutrophication, moisture requirements, and light requirements of the 
species. The diagnoses have been transformed into Ecological Indices, on an or- 
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Tab. 2 (a-d): occupancies of different ecological indices’ classes (expressed as percentages), subdivided 
by releve groups. a) pH index, b) eutrophication index, c) hygrophytism index, d) photophytism index. 


Releve Groups nr. 1 2 3 4 5 
Bee Whe se4—4.0 es Sess DIE CAI 18: 48 
Bephasl-ee ife 6o-=@ndein Meise 4 metas 30 «0 
Cort pid. Y=5.50 445 = os ewe = 46.6 
DI = eH Saag 1559 oi. ates seis 40 oT 
E — pH PaO 44.4 33.3 46.1 qb 1 PO..6 
E pH da 80 55.5 5 igen? 26: 1 LOGO MO . 6 
Gi = pH > 8.5 14.6 100.0 1,0 0. 6 85.7 20.0 
a) 

AoToamleropheriCc — == — — EPS” 8.8 Bibi = = He AY 43.3 
B - moderately nitrophytic eS. 9 64,7 9x9 8447 SC 
© = father Titrophytic 98.4 pea 66.6 LO:De..0 40.0 
D - very nitrophytic n Gg 53.3 581.9 84.7 20.0 
E - extremely nitrophytic 22.2 26.6 23 wed 42.8 am 
b) 

A - rather hygrophytic Sige, 8.8 II pai 22.2 
B - mesophytic DARI 33 3063 aaa LO 0.0 
E =. .nather gefephytie LOO Cilgad 9 100 .0 FACTO 
D - very xerophytic 5 oi? 64.4 22.1 LORY 2028 
c) 

A - moderately photophytic IT #6 Se) 41.0 Ae 8 60.0 
B - Phetophytic ex. 84.4 Fe .3 LOO . 6 L00.® 
C - very photophytic e A 61.8 Be 7 ROD » @ 86.6 
d) 
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dinal scale, as proposed by Nimis & Dallai (1985) and Nimis et al. (1987). Tab. 2 
reports the incidence of the species in each index-class for each releve group ob- 
tained by numerical classification of the data in Tab. 1, expressed as percentages 
of the total occupancies. Data elaboration may be summarized as follows: 

1) Classification of releves and of species, to obtain releve groups with similar com- 
position (vegetation types), and groups of species with similar ecological beha- 
viour. The algorithm used for classification is Complete Linkage Clustering (An- 
derberg, 1973), using the Correlation Coefficient as resemblance measure, on bi- 
nary data (program package by Wildi & Orloci, 1980). 

2) Canonical Concentration Analysis (AOC) on the contingency table of the groups 
of species and of releves, to quantify the correlation among groups. The program 
used is AOCRO (Feoli & Orloci, 1979). 

3) Reciprocal Ordination of species and releves, carried out on the data of Tab. 
1, trasformed by deviation from expectation, using Cross Product as a resemblan- 
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ce measure, to detect possible ecological gradients, and to study the response of 

single species to these gradients. (program package by Wildi & Orloci, 1980). 

4) Canonical Concentration Analysis (AOC) on the data of Tab. 2 (a-d), to order 

the releve groups along four main ecological gradients (pH, tolerance to eutro- 

phication, humidity, light). The program used is AOCRO (Feoli & Orloci, 1979). 
The nomenclature of the species follows Nimis et Poelt (1987). 


Results 


The dendrograms of the species and of the releves, and the contingency table 
of species and releve groups are shown in Fig. 1. The classification of the species 
produces 5 main species groups (A-E) at a fusion level of 0.01 of the Correlation 
Coefficient. The classification of the releves forms 5 main releve groups (1-5) at 
a fusion level of 0.1 of the Correlation Coefficient. The correlations between spe- 
cies and releve groups are shown in Fig. 2, that reports their position in the space 
defined by the first two canonical variates of AOC. These results may be sum- 
marized as follows: 

Species group A: among the most frequent species are Physcia orbicularis, Ca- 
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Fig. 1- Dendrogram of the releve groups (numbers) and of the species groups (letters), with the con- 
tingency table of releve and species groups, obtained by numerical classification of the data 
in Tab. 1. 
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loplaca teicholyta, Lecanora dispersa, Xanthoria calcicola, Lecanora muralis s. 
str. This group is correlated with releve group 1, including the releves carried out 
on the lower tympanum of the main facade. 

Species group B: among the most frequent species are: Caloplaca flavescens, Ca- 
loplaca granulosa, Caloplaca saxicola, Lecanora albescens, Caloplaca biatorina 
var. gyalolechioides. This group is correlated with releve groups 1, 2 and 4 (lower 
tympanum, calcareous belts above 1.5 m aboveground at the northern side of the 
church, and statues under the upper tympanum). 

Species group C: among the most frequent species are: Verrucaria marmo- 
rea, Catillaria lenticularis, Caloplaca citrina. This group is correlated with rele- 
ve group 8 (calcareous basement of the northern side of the church). 

Species group D: among the most frequent species are: Caloplaca aurantia, 
Aspicilia calcarea, Verrucaria nigrescens, Candelariella aurella. This group has 
the highest correlation with releve groups 2 and 3. 

Species group E: among the most frequent species are: Dirina massiliensis 
fo. sorediata, Tephromela atra, Candelariella vitellina, Lecanora sulphurea, Hae- 
matomma ochroleucum. This group has a strong correlation with releve group nr. 





Fig. 2 - Arrangement of releve group (numbers) and species group (lettes) points according to the two 
first canonical variates of AOC, performed on the contingency table of Fig. 1. 
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Fig. 3 - Arrangement of releve group points (numbers) and 
a) pH-classes points (letters) according to the two first canonical variates of AOC, performed 
on the data of Tab. 2a. 
b) nitropyhtism-classes points (letters) according to the two first canonical variates of AOC, 
performed on the data of Tab. 2b. 
c) moisture-classes points (letters) according to the two first canonical variates of AOC, per- 
formed on the data of Tab. 2a. 
d) photophytism-classes points (letters) according to the two first canonical variates of AOC, 
performed on the data of Tab. 2a. 
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Fig. 4- Reciprocal ordination of: a) releves b) species, performed on the data of Tab. 1. In Fig. 4a the 
releve groups are numbered as in Tab. 1. In Fig. 4b the species groups, and the single species 
are numbered as in Tab. 1. 
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5 (basaltic substrate, northern side of the church). 

The ecological characterization of the 5 releve groups is shown in Fig. 3 (a-d), 
reporting the arrangement of the releve groups and of the classes of ecological 
indices in the space defined by the first two canonical variates of AOC. The re- 
sults may be summarized as follows: 

pH requirements (Fig. 3a): first canonical variate: 92.6% of the total chi squa- 
re, second canonical variate: 4.83%. Sequence of the releve groups along the first 
canonical variate (from basiphytic to acidophytic): groups nr. 4, 3, 2, 1, 5. Releve 
group nr. 5 is well distinguished for the prevalence of subacidophytic species (ba- 
saltic substrate). 

Eutrophication (Fig. 3b): first canonical variate: 90.9% of the total chi square, 
second variate: 5.06%. The sequence of the releve groups along the first cano- 
nical variate (from strongly nitrophytic to anitrophytic) is: 1, 4, 2, 3, 5. Releve 
groups 1, 4, and 2 are characterized by the prevalence of nitrophytic species (eu- 
trophication of the substrates by bird excrements). 

Moisture requirements (Fig. 3c): first canonical variate: 92.8% of the total chi 
Square, second variate: 5.73%. Sequence of the releve groups along the first va- 
riate (from hygrophytic to xerophytic): groups nr. 5, 3, 1, 2, 4. The less xerophytic 
groups are nr. 5 and nr. 3, i.e. those including releves carried out on the northern 
facade of the church. 

Light requirements (Fig. 3d): first canonical variate: 93% of the total chi squa- 
re, second variate: 6.99%. Sequence of the releve groups along the first variate 
(from little to very photophytic): groups nr. 2, 3, 5, 1, 4. 

According to these results, the 5 releve groups may be ecologically characte- 
rized as follows: 

Group 1: neutrophytic, very nitrophytic, rather xerophytic, very photophytic. 

Group 2: basiphytic, nitrophytic, rather xerophytic, little photophytic. 

Group 3: basiphytic, moderately nitrophytic, rather xerophytic, moderately pho- 
tophytic. 

Group 4: very basiphytic, very nitrophytic, very xerophytic, very photophytic. 
Group 5: subacidophytic, anitrophytic, rather hygrophytic, moderately photophy- 
TIG. 

The reciprocal ordination of releves and species is shown in Fig. 4 (a: releves, 
b: species). The groups of species and of releves obtained by classification are still 
recognizable in the ordination. The first principal component separates releve group 
nr. 5 (basaltic substrate) from all the others (calcareous substrates). The second 
principal component separates releve group nr. 3 from group 1, 2 and 4. This se- 
paration does not seem to be justified on the basis of the ecological characteri- 
zation of this releve group. The reason for its distinction along the second variate 
is probably the different lithological character of the limestone of the northern 
basement, which has a finer crystalline texture with respect to the other calca- 
reous substrates present on the church. Some species which characterize releve 
group nr. 3 (e.g. Verrucaria marmorea, V. parmigera) prefer to grow on com- 
pact limestone. The ordination of the species (Fig. 4b) should be interpreted in 
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conjunction with the ordination of the releves: the arrangement of the species 
points in the space defined by the two principal components reflects their cor- 
relation with the compositional gradient revealed bv the ordination of the releves. 


Discussion 


Southern side 


The southern facade has a very poor lichen cover, both on the basaltic and 
on the calcareous belts. There are a few, isolated thalli of Lecanora dispersa and 
Candelariella aurella on limestone, scarce individuals of Candelariella vitellina 
on basalt. The reason of the scarce lichen growth is probably the strong insola- 
tion, and consequently the strong evaporation; this renders the environment too 
dry for the development of a rich lichen vegetation. The few lichen species oc- 
curring on this side of the church have very small, fragmentary thalli, so that the 
aesthetic damage is practically non-existent. No intervention is needed on the sou- 
thern side of the church. 


Main Facade (facing west) 


The densest lichen cover is concentrated on the lower tympanum. Bright colou- 
red species (yellow-orange) are dominant, which implies a strong chromatic alte- 
ration of the stone. Most of the species are nitrophylous: the main cause for their 
growth is the frequent presence of birds. Lichen growth is concentrated on the 
tympanum since this is made up of very porous calcareous rock; the porosity of 
the substrate slows down evaporation and helps the concentration of nitrogen com- 
pounds. The young lichen thalli start their development within small niches of the 
rock, from which they spread later over the entire surface. Parts of the tympa- 
num have been substituted, and replaced with hard limestone, where lichens are 
very scarce. Given the rapid growth of most nitrophytic species, the simple eli- 
mination of lichens will have probably ephemerous results, if not accompanied 
by other measures, such as the treatment of the rock surfaces with synthetic pro- 
tective substances, the protection against rain water or the elimination of birds. 
Besides the upper tympanum, nitrophytic lichens are present also in some parts 
of the facade where there is periodical percolation of water. The chromatic al- 
teration is rather evident, although these surfaces are generally small; also in this 
case the removal of lichens should be accompanied by a removal of the causes of 
their growth, i.e. of water percolation. 

Other parts of the main facade with a rather dense lichen cover are the sta- 
tues located below the upper tympanum and part of the marbles. The statues are 
colonized by a few species, chiefly Caloplaca biatorina var. gyalolechioides and 
Candelariella aurella. The total cover is low, and the chromatic alteration is not 
particularly evident, notwithstanding the bright colour of the thalli of Caloplaca. 
On the statues, Caloplaca is most abundant on rain-protected surfaces; being a 
relatively slow-growing xerophytic lichen, its elimination should be less epheme- 
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rous than in the case of the nitrophytic lichens. 


Northern side 


Calcareous basement: it is dominated by endolithic lichens, chiefly Verruca- 
ria parmigera and V. marmorea. The chromatic alteration is not particularly se- 
rious (pale pink and whitish gray). Any measure to remove the lichens runs the 
danger of secondary effects, which might be more serious than the damage de- 
riving by lichens themselves. Even the application of biocides, killing the lichen 
within the rock, may produce, on the long run, a strong alteration of the rock sur- 
face, which becomes very porous and sensible to corrosion, besides assuming a 
pure white colour contrasting with that of the other parts of the building. 

Calcareous bands: the greatest aesthetic damage is produced by nitrophytic 
lichens, chiefly Caloplaca aurantia (orange colour). The cause of the growth of 
these lichens is the presence of water percolating from the windows of the church. 
To hinder lichen growth one should eliminate this percolation, which should be 
possible with rather simple measures. The calcareous bands not interested by wa- 
ter percolation are colonized by almost pure populations of Dirina massiliensis 
fo. sorediata, which, owing to its white thallus, does not produce any chromatic 
alteration of the surfaces; its presence on the northern side of the church is pro- 
bably related to lower evaporation rates, and hence to higher humidity with re- 
spect to the southern side. 

Basaltic bands: the lichens growing on basalt are responsable of the greatest 
aesthetic damage on the whole church. The dominant species. Haematomma ochro- 
leucum var. porphyrium and Tephromela atra, have a whitish thallus covering 
relatively large surfaces. The result is that on most of the northern side of the 
church the characteristic alternation of white and black bands is almost comple- 
tely lost. The mechanical removal of lichens is difficult, owing to the uneven sur- 
face of the basaltic rock. Furthermore, Haematomma ochroleucum produces abun- 
dant soredia, which should be eliminated to prevent further lichen growth after 
the intervention. 


Conclusions 


The lichen vegetation on Orvieto’s Cathedral is concentrated on the lower tym- 
panum of the main fagade, and on the northern side of the church. The southern 
side is almost devoid of lichens, probably because of its high aridity (strong in- 
solation). The principal cause of lichen growth is the eutrophication of the subsra- 
tes by bird excrements, which are spread by percolating water. On the main fa- 
cade lichen cover is densest on the tympanum, because this structure is made of 
porous calcareous stone. On the northern side the less arid conditions allow li- 
chens to grow also on more compact stones (compact limestone and basalt). Li- 
chens should be removed from the tympanum (which presently is orange-coloured 
by the presence of several nitrophytic lichens), and from the basaltic bands of the 
northern facade, which have lost their black colour because of the dominance of 
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light-coloured lichens. Lichen removal should be accompanied by measures pre- 
venting their further growth, chiefly by a better regulation of the water perco- 
lating from the upper parts of the church. 


Riassunto. La vegetazione lichenica del Duomo di Orvieto è stata studiata sulla base di 29 rilievi fi- 
tosociologici, effettuati in varie parti della chiesa, su diversi substrati. La matrice delle specie e dei ri- 
lievi è stata sottoposta a programmi di analisi multivariata, al fine di individuare tipi diversi di vege- 
tazione e possibili gradienti ecologici. L'ecologia della vegetazione è stata studiata per via indiretta uti- 
lizzando gli indici ecologici di Wirth (1980). Le parti del Duomo di Orvieto maggiormente colonizzate 
da licheni sono il timpano della facciata principale e tutto il lato nord della chiesa. Sul timpano ed in 
alcuni punti della facciata nord la causa principale dell’instaurarsi dei licheni è data dall’eutrofizza- 
zione del substrato da parte di uccelli che frequentemente si posano sulle parti alte della chiesa. L’eu- 
trofizzazione si diffonde ad opera di acque percolanti, che scolano, in alcuni punti, direttamente sui 
muri della chiesa. Sul lato nord, le condizioni di minore xericità fanno si che i licheni coprano vaste 
superfici. Di particolare gravità è l'attacco, da parte di specie a tallo di colore chiaro, delle bande ba- 
saltiche, per cui si perde l’effetto estetico dato dalla caratteristica alternanza di bande scure e chiare. 
Gli interventi principali dovrebbero interessare il timpano della facciata principale e le bande di ba- 
salto. Si sottolinea che per una maggior efficacia degli interventi di asporto, questi dovrebbero venir 
accompagnati dall’eliminazione delle principali cause della crescita dei licheni; si ritiene che una mi- 
gliore regolazione degli scoli d’acqua piovana sulla chiesa potrebbe determinare una sensibile riduzione 
dei licheni nitrofili a tallo vivacemente colorato. 
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THE DISTRIBUTION OF LICHENS ON SOME STONEWORKS 
IN THE SURROUNDINGS OF ROME 
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Abstract: 34 floristic releves concerning epilithic lichens have been carried out in 6 archaeological si- 
tes in the surroundings of Rome, on different types of substrate. 52 lichen species have been recorded. 
The matrix of the releves and of the species has been submitted to programs of multivariate analysis 
(classification and ordination); the results allow to distinguish 5 main community-types and to order 
the species according to their degrees of acidophytism and nitrophytism. 


Introduction 


The role of lichens in the deterioration of stoneworks is still open to discus- 
sion. Deterioration by lichens can occur in the following ways: a) Increase of the 
thallus in time, b) variation of the thallus volume following drying and wetting, 
c) the capacity of the thallus to absorb water, which becomes particularly impor- 
tant under freezing conditions, d) the secretion of acids and other substances that 
can alter the rock surface. The CO , produced by the respiration of the lichens, 
in the presence of water, may attack the rock surfaces, producing pittings or small 
channels which make easier the penetration of the hyphae into the rock. 

As for conservation, lichens are sometimes removed from the stoneworks to 
avoid mechanical, chemical, or purely aesthetic damages. However, these mea- 
sures are not always based on informations on the ecology of the various species. 
Ecological information appears to be a very important point, since the removal 
of lichens should be accompanied by other measures for the prevention of lichen 
growth. This paper aims at giving a preliminar contribution on the ecology of li- 
chens growing on different substrate-types in some archaelogical areas of Latium. 


Data and Methods 


54 floristic releves have been carried out in 6 localities, on four substrate ty- 
pes. The localities are: 
1) Scavi di Ostia 
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2) Isola Sacra 

3) Tombe Latine 

4) Museo Nazionale Romano 

5) Villa Madama 

6) Caprarola, Palazzo Farnese. 

The main substrate types are: 

a) carbonatic rocks, including marble and travertino 

b) pyroclastic rocks, deriving from the quaternary volcanic areas of Latium; so- 
metimes they contain calcareous inclusions. Among the most frequent rock types 
are the grey granular tuff (peperino), and the yellow tuff of Via Tiberina, which 
were widely used in Roman buildings. 

c) artificial rocks (cement, brick, etc.); 

d) basaltic rocks, mainly used for pavements and walls. 

The matrix of the 34 floristic releves and of the 52 lichen species is reported 
in Tab. 1. The location of the single releves is reported in the Appendix. 

The data in Tab. 1 have been submitted to numerical classification in order 
to obtain groups of releves with similar floristic composition. The clustering al- 
gorithm is complete Linkage Clustering (Anderberg, 1973); the resemblance mea- 
sure is Euclidean Distance. The same matrix has been further submitted to Re- 
ciprocal Ordering, with data transformed by Deviation from Expectation and with 
Cross Product as resemblance measure (see Orloci, 1978), in order to detect pos- 
sible variation trends, and to analyze the correlations between species and rele- 
ves. Classification and ordination have been carried out with the program pac- 
kage of Wildi & Orloci (1983). Nomenclature follows Nimis & Poelt (1987). 


Results 


The dendrogram of the releves is shown in Fig. 1: five main releve groups are 
formed. As shown in Tab. 2, most of the groups are well characterized by one or 
more differential species, as follows: 

Group 1: Lecanora muralis, Candelariella vitellina, Lecidea fuscoatra, Porpidia 
sp., Candelariella coralliza, Acarospora fuscata, Aspicilia cinerea. 

Group 2: Dirina massiliensis. 

Group 3: this is an heterogeneous group; the first three releves have no differen- 
tial species, the last four releves are characterized by the high frequency of Le- 
praria incana and Tephromela atra. 

Group 4: Lecanora dispersa, Caloplaca citrina. Frequent species, shared with 
group 5, are: Lecanora albescens, Caloplaca aurantia, Verrucaria nigrescens. 
Group 5: Aspicilia calcarea, Bagliettoa baldensis. 

In the ordination of releves (Fig. 2a), the sequence of the releve groups along 
the first Principal Component is the following: 5, 4, 2, 3, 1. The first Principal Com- 
ponent clearly reflects a gradient in the pH of the substrate, since all releves on 
limestone have negative scores, all releves on siliceous rock have positive scores. 
Fig. 2b shows the arrangement of the indicator species along the First Compo- 
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nents: they are arranged, from left to right, according to increasing acidophytism. 

The second component separates Lecanora dispersa and Caloplaca citrina, two 
nitrophytic species correlated with releve group 4, from all other calciphytic spe- 
cies, and represents a gradient of increasing nitrophytism (from the negative to 
the positive scores). Although less clearly, this gradient also applies to the sili- 
cicolous species with positive scores on the first Principal Component. Xanthoria 
calcicola, Xanthoria parietina, Candelariella vitellina, Lecanora muralis and 
Acarospora fuscata, which are rather nitrophytic species, have positive scores on 
the Second Principal component, whereas Tephromela atra, a species which is less 
tolerant to eutrophication, has negative scores. 


Summarizing, the space defined by the two first Principal Component, can be 
subdivided into 4 quadrants, as follows: 

Quadrant 1 (first PC negative, second PC positive): basic pH, eutrophiated substra- 
tes. 

Quadrant 2 (both PCs positive): acid pH, eutrophiated substrates. 

Quadrant 3: (first PC positive, second PC negative): acid pH, non- eutrophiated. 
Quadrant 4: (both PCs negative): basic pH, non-eutrophiated. 

The results of these elaborations show that the two main factors responsible 
for the floristic variation within our data set are, in order, pH and eutrophication 
of the substrates. The releves of group 3 have low absolute scores on either PC, 
and are not related to these factors. 


Discussion and Conclusion 


The most frequent species are: Aspicilia calcarea, Caloplaca aurantia, Ca- 
loplaca citrina, Caloplaca holocarpa, Candelariella vitellina, Lecanora albescens, 
Lecanora dispersa, Lecanoramuralis, Bagliettoa baldensis, Verrucaria nigrescens, 
Xanthoria parietina, Lecidea fuscoatra. Most species appear to be linked to a par- 
ticular type of substrate (siliceous or calcareous), with the exception of a few li- 
chens with broader ecological amplitude such as Physcia adscendens, Xanthoria 
calcicola, Xanthoria parietina and Diploicia canescens. 

Considering that our releves are limited to floristic lists, often taken on small 
surfaces, it is not easy to attribute each releve group to a given lichen association. 
However, by comparing our results to those of Nimis et al. (1987), the following 
considerations can be made: 

Releve group |: it partially corresponds to releve group M3 of Nimis et al. (1987). 
Releve group 2: it corresponds with the Dirinetum repandae (group M1 of Nimis 
et al., 1987), an association linked to low light intensity on subvertical or over- 
hanging surfaces. 

Releve group 3: it partiallycorresponds with releve group M2 of Nimis et al. (1987). 
occurring on subvertical surfaces in rather shady, humid sites. 

Releve group 4: it corresponds to releve group C4 of Nimis et al., 1987 (Calopla- 
cion decipientis), including nitrophytic communities on limestone. 

Releve group 5: it appears as a very fragmentary facies of the Aspiczlzetum cal- 
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Tab. 1 - Floristic releves. 


SUBSTRATE CECI 
RELEVE NR. t 2-24 
SPECIES 


Acarospora fuscata 

Acarospora uadilicata 

Aspicilia calcarea jo - 1 6 
Aspicilia cinerea 

Buellia punctata 


Caloplaca aurantia i ft 
Caloplaca citrina = i 
Caloplaca festiva ‘ 
Caloplaca holocarpa ~ of 


Caloplaca saxicola 
Candetariella coralliza, 
Candelariella medians 
Candelariella vitellina 
Colleaa crispua 

Collena tenax 

Diploicia canescens 
Diplotomaa epipoliun 
Dirina eassiliensis 
Dirina repanda repanda 
Haenatomma ochroleucua 
fuilia sp. 

Lecania erysibe 

Lecanora albescens LI] | 


Lecanora 
Lecanora 
Lecanora 
Lecanora 
Lecanora 
Lecanora 
Lecanora 
Lecanora 


atra 
caspestris 
crenulata 
dispersa 
avralis 
pruinosa 
rupicola 
soralifera 


lLecidea fuscoatra 

Lecidella stigmatea 

Leprarla lncana 

Leproplaca chrysodeta 
Leproplaca xantolyta 
Ocbrolechla parella 

Opegrapba mou geotii 

Parmelia verruculifera 
Phaeopbyecla orbicularis 
Physcla adecendens 

Physconla grisea - = 
Protoblastenia rupestris - - - - 
Rblzocarpon geograpbycua 
Rhizocarpoa obscuratua 

Rinodina gennarii 

Roccella phycopsis - os 
Sarcogyne regularis 
Scoliclosporue uabrinua 

foninia arosatica 

Yerrucaria baldensis 

Yerrucaria fuscella - <= è 
Verrucaria ¢laucina 

Verrucaria auralis 

Yerrucaria aigrescens 
Yerrucaria viridula 

Yanthoria calcicola 

Yantboria parietina » | 


RELEVE NR. teed tae 4 


Abbreviations: C: carbonatic rocks, B: 
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1 - Dendrogram of the releves. 
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Fig. 2a - Ordination of the releves. 


careae (releve group C3 of Nimis et al., 1987), a less nitrophytic association than 
those of the Caloplacion decipientis. 

As far as lichen action on the substrates is concerned, the following obser- 
vations have been made: 
Large terra-cotta vases (Phitos) at the Museo Nazionale Romano are colonized by 
the thalli of Lecanora muralis, which can attain a diameter of 4-7 cm, with an 
estimate age of about 8-15 years. The section of one of the thalli revealed a da- 
mage to the substrate, with the detachment of a few mm thick substrate frag- 
ments; the lichen appeared to be particularly aggressive, in the absence of other 
species probably due to air pollution. A comparison can be made with other terra- 
cotta vases (Ollae) in a more natural environment (Ostia Antica). In this case the 
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e Lecanora dispersa 


eCaloplaca citrina 


È dl Candelariella 
Xanthoria parietina vitellina 


& 
Lecanora 
Acarospora fuscata muralis 

@ 


Dirina massiliensis 
O 


e Lecanora albescens 


Xanthoria calcicola 






Caloplaca festiva 
Ochrolechia parella ® 
eVerrucaria nigrescens 


e Caloplaca aurantia = 
e Aspicilia calcarea 


Verrucaria 
Caloplaca holocarpa fuscella ss 


eTephromela atra 


eBagliettoa baldensis 


Fig. 2b - Ordination of the species. 


colonizing lichen is Tephromela atra, that also caused the detachment of small 
substrate fragments mixed with parts of the thallus. Another example of heavy 
damage is given by the mural paintings of Palazzo Farnese at Caprarola, close to 
Viterbo; the paintings were colonied by Dirina massiliensis, causing small shal- 
low cavities at the surface of the paintings (Seaward et al, 1989). 
There is still much work to be done on the problem of lichens and stoneworks. 
Two points are of particular interest: 
1) The detailed study of different species’ action on different substrates. 
2) The testing of different techniques which are currently used to remove lichens 
from the substrata. 
Furthermore, there is a general agreement on the fact that lichens should be 
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removed only in presence of serious mechanical or aesthetic damage. If removal 
is necessary, it is important to take measures for preventing further growth, and 
these must be based on the knowledge of the ecology of the single species. This 
study gives a first floristic-ecological information on which to base further research. 
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Appendix 
Localities of sampling and releve numbers 


OSTIA SCAVI 
1) Travertino basement, 2) Temple of Attis, marble statue, 3) Campo della Magna Mater, column ba- 
sement (travertino) 4) Porta Laurentina, brick, 5) Porta laurentina, Opus Reticulatum, tuff, 6) Porta 


Laurentina, door, travertino, 7) Columns of the Forum, cement, 8) Marble blocks in the Forum, 9) Ca- 
pitolium, brick, 10) Wall painting of Via Diana, 11) Campo delle Olle, terracotta. 


ISOLA SACRA 
12) Tombe a Cappuccina, terracotta, 13) Marble grave. 


TOMBE LATINE . 


14) Basement, travertino, 15) Basalt boulder, 16) Peperino boulder, 17) Travertino boulder, 18) Tuff 
blocks, 19) Tomba dei Valeri, brick, 20) Tomba dei Pancrazi, brick. 


MUSEO NAZIONALE ROMANO 
21) Funerary Monument of Fontei, tuff, peperino, cement, 22) as before, marble fragment, 23) Ter- 
racotta Phitos. 


VILLA MADAMA 

24) Venus statue, marble, 25) Sarcophagus, marble, 26) Columns, granite, 27) Column, limestone, 28) 
Part of the door, travertine, 29) Giants’ statue, basement, travertine, 30) Balaustra della Balconata, 
travertine, 31) Vase, calcareous conglomerate (cement), 32) Garden pavement, calcareous conglome- 
rate (cement)- 


CAPRAROLA 


33) Palazzo Farnese, wall paintings, 34) Palazzo Farnese, statues and other stoneworks of the garden, 
tuff, peperino. 
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PROTECTIVE AGENTS AS A POSSIBLE SUBSTRATE FOR BIOGENIC CYCLES 


P. ALESSI and D. VISINTIN 


Keywords: Conservation, Monuments, Protective agents. 


Abstract - Protective agents are increasingly used for the preservation of stone monuments. Once ap- 
plied to the rock, they constitute a veritable new substrate. Very little is known on the biological cycles 
which could develop on treated surfaces. This paper presents a synthesis on the main properties of pro- 
tective agents, with particular regard to those of biological relevance; the results were obtained on the 
basis of multivariate analysis of solubility data. The aim of the paper is to provide biologists with an 
information basis for studies of biogenic cycles on treated surfaces. 


Introduction 


Lichens are amongst the most common organisms which may be harmful to 
stoneworks. According to Savoye & Lallemant (1980), and contrary to a common 
belief, lichens are not the first colonizers of bare rock: lichen ecesis occurs only 
after a micropedogenesis started by bacteria on a substrate prepared by chemical 
wheathering. Organic matter, mostly zoogenous, is the primary substrate of the 
nitrogen cycle, started first by ammonificant, then by nitrificant bacteria; lichens 
appear only 5 years from the beginning of the cycle. The sulphur cycle starts slow- 
ly with the chemical neutralization of sulphuric acid by the rock bases; since sul- 
phur is taken up by lichens as sulphate ion, also chemical wheathering creates fa- 
vourable conditions for lichen growth (Lazzarini & Tabasso, 1986; Carrol, 1970). 

In recent times, chemical protective agents are increasingly used for the pre- 
servation of stone monuments. They include a wide variety of synthetic resins, 
with different chemical and physical properties. Once applied to the rock, they 
constitute a veritable new substrate. There is no detailed information on the bio- 
logical cycles developing on treated rock surfaces, although the use of protective 
agents should not hinder the development of bacterial microsuccessions which 
could culminate in lichen ecesis. The study of biological cycles on these artificial 
substrates seems to be an interesting field, which could be of relevance for pro- 
tection measures. Aim of this paper is to present to biologists a synthesis on the 
main properties of the principal families of protective agents, particularly of tho- 
se with most direct biological relevance, such as solubility in water and polluting 
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Tab. 1 - Solubility of 33 organic compounds in 9 protective substances, expressed as normalized pon- 
deral activity coefficients at infinite dilution. 
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Fig. 1 - Dendrogram of the solvents, based on the data in Tab. 1. 


gases, and their behaviour towards the main organic solvents. 
Main properties of chemical protective agents 


Stoneworks may be protected by two different approaches: a) modifying the 
environment, b) modifying the interface between the rock suface and the envi- 
ronment (Pasetti, 1984). The latter involves the use of protective substances. The- 
se may be subdivided into two main types: a) Plasters or washings for reducing 
the penetration of water; wheathering acts on the new substrates, protecting the 
underlying rock (Guidotti, 1985); their use often creates aesthetical problems. b) 
Chemical protective agents, which are water repelling, transparent synthetic 
substances. The main characteristics of a protective agent are: A) Chemical and 
physical inertia towards the atmosphere (incl. pollutants), to avoid chromatical 
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big, 2 - Dendrogram of the protective agents, based on the data in Tab. 1. 


or physical modifications. B) Chemical and physical inertia toward the rock. C) 
Transparence and absence of colour. D) Hydrorepellence and insolubility in wa- 
ter and in the common organic solvents, to ensure the stability of the rock sur- 
face. E) Low volatility, to ensure duration in time. F) Permeability to gases (air 
and water vapour), to avoid the formation of a water film below the protective 
agent, seat of solubilization phenomena with the subsequent fall of crusts from 
the treated area; the rock pores should not be filled by the agent, which should 
just cover their internal surface to increase the surface tension on the pore walls, 
and hence to increase water-repellence. G) Reversibility of the treatment. 


The main protective agents 


The protective materials may be subdivided in: a) Metallic soaps b) Microcri- 
stalline waxes, c) Organic polymers. The latter, which are the most widely used, 
include: 

1) Epoxydic systems. Main properties (Marinelli, 1975): a) they cross-link at stan- 
dard temperature without forming by-products, becoming insoluble; b) they re- 
quire the use of medium-high polarity solvents, because of their high viscosity, 
or because they are solid at standard temperature. b) they resist well to water, 
alcohols, salt solutions, acids and to the most common organic solvents. c) they 
have avery good adherence to lithic materials. Main disadvantages: a) the treat- 
ment is non-reversible, b) with small amounts of solvent the pores are obstructed, 
with too little solvent the protection is insufficient, c) aromatic groups in the mo- 
lecule make them chromatically instable to UV-rays d) they are hydrophobous also 
before cross-linking, which creates problems in cases of high humidity. Applica- 
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tions: Loggetta del Sansovino in Venice (parts in Verona red marble). 

2) Acrylic resins: thermoplastic polymers from several acrylic compounds; wi- 
dely used, also together with siliconic products. Main advantages: a) Long-lasting 
effect, b) chemical inertia, resistance to UV-rays, c) good adherence to rock,due 
to a polar part in the molecule, d) reversible treatment. Main disadvantages: a) 
the film is often not continuous inside the pores, b) not very high resistance to 
water. Applications: Gate of the Arsenale and base of Colleoni’s statue in Venice, 
scultures of ‘‘anime oranti‘‘ in Rome, low-reliefs of the Orvieto Cathedral. 

3) Poliuretanic systems: presently little used, but potentially interesting. They 
have optimal chemical inertia, stability under sunlight, rapid dessiccation, opti- 
mal water-repellence, high adhesion to the rock; the disadvantages are the same 
of the cross-linked polymers. 

4) Organic Silica compounds: they are the most widely used in the last decade, 
with a very broad choice of substances; among the most used are alkyl-silanes, 
alkossi-silanes, polyxilossanes, olygomerous xylossanes. Their common properties 
are (Biscontin et al., 1986): optimal adhesion to the rock, good chemical inertia, 
high water-repellence, good permeability to water vapour, good resistance to- 
wards breaking off by thermic expansion. Main disadvantages: low resistance to 
UV-rays, non-complete reversibility, short duration, alteration in humid environ- 
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Fig. 5- Relation between the scores of the protectives on the first canonical variate (x-axis, see Fig. 
3) and their inertia (y-axis) expressed by averaging the values of Henry’s constant of each 
solvent in each protective. 


ments, loss of the protective agent by evaporation. The high variety of substances 
is the cause of wrong choices which proved to be detrimental to the stonework. 
Applications: Town Hall of Vienna, Justizpalast and Town Hall of Munich, Cer- 
tosa of Milan. 

5) Fluoro-compounds (Banks, 1974); they are chemically and thermically sta- 
ble. There are different polymers, with different molecular weights, so to allow 
the choice to optimal viscosity. The fact that they are soluble in trichlorotrifluo- 
rethane allows their use as impregnators of weakly porous materials (marbles). 
They are almost non-volatile at standard temperature, non toxic, insoluble in or- 
ganic solvents, non inflammable, strongly water repellent. Laboratory and field 
experiments proved that Fomblin Y Met is permeable to water vapour, and 
that the treatment is easily reversable (Pasetti, 1984). The main disadvantages are: 
the use of potentially harmful chlorofluoro-compounds as solvents, the low sur- 
face tension, which helps the migration of the protective agents inside the rock, 
particularly when this is very porous. To overcome this problem some perfluo- 
ropolyesters have been synthetized, having some functional groups such esters, 
ammide, acids: the presence of polar groups reduces the mobility of the molecule, 
crating bonds with the rock surface (Piacenti et al., 1985). Applications: Cathe- 
dral of Florence, S. Zeno Closter in Vienna, Antinori and Pitti Palaces in Florence. 
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and their polarity, expressed by Hildenbrandt’s constant (y-axis). 


Data and methods 


The migration of a solute in a chromatographic column depends on the distri- 
bution ratio of the solute between the stationary phase (polymer or resin), and 
the mobile one (inert gas). The volume of mobile phase is necessary for moving 
the solute out of the column, is known as specific retention volume. From the ma- 
gnitude of the chromatographic retention it is possible to derive some thermo- 
dynamic values which are bound to the solubility of the solute in a given solvent. 
In the case of gaseous solutes the relation is known as Henry’s constant (Reid et 
al., 1977). In the case of liquids one uses the ponderal activity coefficient at in- 
finite dilution (Laub et Pecsok, 1978). In this study we use the values of Henry’s 
constant and of the ponderal activity coefficient for 10 gases, 33 solvents and wa- 
ter in the 11 stationary phases utilized during laboratory work. 

This paper analyzes the interactions between both pollutants and protective 
agents, and organic solvents and protective agents. In both cases we selected the 
protective in such a way as to have representatives of two main groups: one in- 
cluding a series of partially fluorurated substances, the other a series of organic 
polymers, already used as protectives in several cases. The considered protective 
agents and the solutes are listed in Tab. 1 and Tab. 2. 

The matrices of the solvents and the protectives (solubility expressed by gam- 
ma), and of the gases and the protectives (solubility expressed by Henry’s constant), 
-have been submitted to multivariate analysis, as follows: 

1) Numerical Classification (Anderberg, 1973), to obtain groups of correlated 
variables. We have used the package of programs of Wildi & Orloci (1983), utili- 
zing Correlation Coefficient as aresemblance measure, and Complete Linkage (see 
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Fig. 7 - Comparison between the two ordinations of protectives: the two axes report the scores of the 
protectives on the first canonical variates as in Fig. 3 and 4b. 


Orloci, 1978) as classification algorithm. 

2) Reciprocal Ordering, to evaluate the possible existence of variation trends 
in the data structure. The ordination has been obtained by transforming the ori- 
ginal data by deviation from expectation, and on a resemblance matrix based on 
Cross Product. Also in this case the package of Wildi & Orloci (1983) was used. 


Results 


Tab. 1 reports the normalized values of the ponderal activity coefficients re- 
lative to the solubility of 33 organic compounds in 9 protective substances. The 
data of Tab. 1 have been analyzed by classification and reciprocal ordination in 
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Tab. 2 - Solubility of 10 gases in 11 protectives, expressed as normalized values of Henry’s constant. 
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order to: 1) Define group of solvents with similar behaviour towards the protec- 
tive agents. 2) Define groups of agents with similar behaviour towards the sol- 
vents. 3) Detect possible correlations between groups of solvents and of protec- 
tive agents. 4) Order the protectives in a sequence reflecting their solubility to- 
wards the entire complex of solvents. 

The dendrogram of the solvents is shown in Fig. 1. By cutting the dendrogram 
at a value of Correlation Coefficient of - 0.88, four main clusters are formed, as 
follows: 

Cluster 1) includes Paraffins, Cycloparaffins and Olefins 

Cluster 2) includes mainly aromatic and chloro-compounds 

Cluster 3) includes alcohols, acetone, and compounds with nitrile groups. 
Cluster 4) includes only water. 

The dendrogram of the protectives is shown in fig. 2. Three main clusters are 

formed, as follows: 

Cluster A: includes 16H6F and syloxane 

Cluster B: includes all the cross-linked resins: Polyuretanic,. acrylic and epoxydic. 
Cluster C: includes all the perfloro-compound: Crytox AX, Fomblin, Galden and 
Fomblinammide. 

The correlation betweens groups of protective agents and solvents are shown 
in Fig. 3 and 4 (a, b) which report the position of the solvents (Fig. 4a) and of the 
protective agents (Fig. 4b) in the space defined by the two canonical variates of 
the reciprocal ordering. Fig. 3 has been obtained by centering the ordination on 
the similarity matrix of the protectives, Fig. 4 on the matrix of the solvents. 

In Fig. 3 the protectives are disposed according to a horse-shoe at whose ex- 
tremes are disposed Fomblin and 16H6F. This arrangement corresponds with a gra- 
dient of increasing inertia towards the solvents. This is evident in Fig. 5, where 
the x-axis reports the angular seriation of the protectives in Fig. 3, and the y-axis 
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expresses an index of inertia obtained by averaging the values of Henry’s Constants 
of each solvent in each protective. 

In Fig. 4a the solvents are disposed according to an horse-shoe corresponding 
to a polarity gradient, as shown by Fig. 6, where the x-axis reports the angular 
seriation of solvents in Fig. 4a, and the y-axis expresses Hildenbrand’s constants. 
Fig. 4b shows the reciprocal ordination of protectives corresponding to that of the 
solvents in Fig. 4a. Their angular seriation, starting from Paraloid and Poliureta- 
ne to the Siloxane, corresponds to a gradient of increasing affinity for polar com- 
pounds. Fig. 7 shows the correlation between the two ordinations of protectives 
(Figg. 3 and 4b): there is a negative correlation between the affinity for polar com- 
pounds and chemical inertia, with the exception of Siloxane and 16H6F, whose 
molecule has paraffinic part and a part with high chemical inertia (silica and fluo- 
ro), and which differ from the others by a far smaller molecular weight. 

Tab. 2 reports the solubility of 10 gases in 11 protectives. Ordination and clas- 
sification programs were also used to analyze these data: both dendrograms (ga- 
ses and protectives) allow to distinguish three main groups, which are shown in 
Fig. 8 (protectives) and 9 (gases). The relations between gases and protectives have 
been studied by reciprocal ordering. The results are shown in Fig. 10a (gases) and 
10b (protectives). The group B of protectives is very inert towards water and H ,5; 
the group C is highly soluble in H ,S and in water, with synergic effects, but has 
a high inertia towards the other pollutants. In the ordination, the group B of pro- 
tectives is dismembered: the Paraloid assumes an isolated position; this compound 
has a negative behaviour towards all gases, and the highest solubility towards wa- 
ter; the other members of cluster B have an inertia similar to the one of the other 
perfluoro-compounds, with the exception of a higher inertia towards H ,S. 


Conclusions 


These results may be a first information basis for further biological studies ai- 
ming at analyzing the micropedogenetic phenomena occurring on rock surfaces 
treated with protectives. In particular, a possible line of research, that can be car- 
ried out both in the laboratory and in the field, could be the comparative study 
of a few protective substances, one for each of the main groups discussed above. 
These groups have a different behaviour in respect with water and the main ath- 
mospheric pollutants, and probably should host different micropedogenetical pro- 
cesses. In any case, before starting a study on a single treated stonework one can 
refer to the group in which the protective is included, to get additional infor- 
mation which could allow a correlation between biological results and the main 
chemical properties of the new substrate. 
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AZIONE DELLE CRESCITA DEI LICHENI SULLA PIETRA NELL’ AREA 
ARCHEOLOGICA DI FIESOLE 


P. PALLECCHI e D. PINNA 


Keywords: Archaeological area, Fiesole, Italy, Lichens, Stone alteration. 


Abstract. The archaeological area in Fiesole, where a local sandstone (Pietra Serena) was mainly used, 
was taken into consideration with the purpose of investigating the mechanical and chemical alteration 
possibly due to lichen growth. 

The taxonomic data allowed identification of almost 40 species. Distribution data allowed definition 
and localization of the most frequent species, therefore permitting a choice of those to be taken into 
consideration in relation to their effect on the stone. Observation of stone specimens under optical and 
scanning electron microscopes showed the morphology of mechanical alterations caused by the growth 
of some lichen species. The map of distribution of calcium determined by analysis carried out under 
SEM equipped with an energy dispersive X-ray spectrometer (EDS) showed that some species cause 
modification of the mineralogical stone composition. Moreover, analyses by X-ray diffractometry, in 
connection with the above results, allow the identification of the production of calcium oxalate due 
to the growth of some species. 


Introduzione 


Il deterioramento della pietra ad opera dei licheni è stato studiato finora in modo 
piuttosto frammentario. 

È noto che molte specie licheniche possono essere causa di danni di tipo mec- 
canico dovuti alla penetrazione del tallo in profondità ed alle espansioni e con- 
trazioni che esso subisce in funzione delle variazioni climatiche (Fry, 1927). Se- 
condo Ozenda e Clauzade (1970) tali danni non sarebbero però molto seri data la 
lenta crescita di questi vegetali. 

È stato oggetto di studio anche il deterioramento chimico della pietra causata 
dai licheni, più precisamente dagli acidi (prodotti del loro metabolismo) che pos- 
sono complessare elementi chimici contenuti nella roccia (Schatz, 1963; Iskandar 
e Syers, 1972; Ascaso et al, 1976; Purvis et al, 1987; Lounamaa, 1965). Tuttavia 
alcuni autori ritengono che, nei casi in cui la crescita dei licheni sia limitata, que- 
sti vegetali possono formare un rivestimento protettivo efficace a limitare l’azio- 
ne di altri agenti di degrado (Lallement et Deruelle, 1978). 

Nell'ambito della problematica sopra esposta abbiamo scelto come oggetto di 
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studio i monumenti dell’area archeologica di Fiesole, che appaiono estesamente 
ricoperti di licheni. I risultati ottenuti sono oggetto di questa nota. 

L'indagine è stata limitata alle specie più frequenti e si poneva lo scopo di va- 
lutare i danni meccanici e chimici da esse eventualmente provocati nei vari substra- 


tl lapidei qui presenti: Pietra Serena, marmo, laterizi e anche intonaci. 


Descrizione dell’area archeologica 


L'area archeologica di Fiesole include tre strutture monumentali distribuite su 
una superficie piuttosto vasta: il Tempio Etrusco (III sec. A.C.), le Terme e il Tea- 
tro Romano (entrambi del I sec A.C.). I monumenti sono stati scavati in tempi di- 
versi ma, agli inizi di questo secolo, l’area archeologica corrispondeva a grandi li- 
nee a quella attuale (Caputo e Maetzke, 1959). 

Essa è situata nella valle del fiume Mugnone, in un ambiente seminaturale col- 
linare con poche case sperse e limitata a Sud dall'abitato di Fiesole. 

Tutti i tre monumenti fiesolani sono stati oggetto della nostra indagine volta 
a definire il deterioramento dei materiali lapidei causato dalla crescita di licheni. 
I risultati relativi al Teatro Romano sono già stati pubblicati (Pallecchi e Pinna, 
1988). La presente nota riguarda il Tempio Etrusco e le Terme Romane. Tali strut- 
ture monumentali sono entrambe costruite con blocchi squadrati di arenaria lo- 
cale (‘‘Pietra Serena‘‘), una grovacca feldspatica a matrice argillosa con scarsa cal- 
cite (valore medio 7%) interstiziale e solo raramente spatica (Malesani e Vannuc- 
ci, 1974). 

La stessa Pietra Serena è stata utilizzata per strutture di recente costruzione, 
elevate nel corso dei restauri del 1953. 

Nelle Terme oltre alla Pietra Serena, vi sono strutture in laterizio, solo in parte 
originarie; tra queste ultime, quelle del Frigidarium e quelle delle Sospensurae del 
Calidarium (Fig. 1) (costruite con mattoni ottagonali). 

Oltre a mattoni e Pietra Serena, i materiali presenti nell’area considerata, e 
quindi presi in considerazione in relazione al fenomeno della crescita lichenica, 
sono il marmo cristallino con cui sono rivestiti due basamenti di Pietra Serena ac- 
canto al Tempio e poi gli intonaci, quelli a calce, originali, ancora estesamente pre- 
senti e quelli a cemento dei rifacimento del 1953 (Bellini Delle Stelle et al, 1984). 


Procedimenti sperimentali 


I campioni di licheni sono stati prelevati nell’area in esame annotando contem- 
poraneamente sia il tipo di substrato che eventuali differenze, quali esposizione, 
entità della copertura lichenica, ecc., che caratterizzavano la zona di prelievo. Le 
specie licheniche sono state identificate con le metodologie standard. I risultati, 
in relazione al tipo di substrato, sono riportati in Tabella 1. 

Per lo studio degli effetti della crescita dei licheni sul substrato, sono state pre- 
se in considerazione alcune delle specie risultate più diffuse sulle strutture ori- 
ginarie: Aspicilia hoffmannii, Diploschistes actinostomus, Pertusaria amara, 
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Fig. 1- Le Terme Romane di Fiesole 
a: Frigidarium; b: Piscina di acqua fredda; c: Calidarium 


Tephromela atra (arenaria), Lecanora muralis (marmo e arenaria), Lecidella stig- 
matea (laterizi), Verrucaria nigrescens (marmo, intonaco e arenaria), Xantoria 
elegans (marmo). Alcune di qeuste specie (Aspicilia hoffmannii, Diploschistes ac- 
tinostomus, Tephromela atra) sono già state prese in considerazione in occasione 
dello studio degli effetti della loro crescita sulla Pietra Serena del Teatro Romano 
(Pallecchi e Pinna, 1988). 

Sono state preparate sezioni trasversali dei campioni, includenti oltre al liche- 
ne anche parte del materiale sottostante, per poter osservare l'interazione tra il 
tallo e il substrato su cui questo attecchisce. 

Gli aspetti morfologici dell’interazione tallo-substrato sono stati osservati al mi- 
croscopio elettronico a scansione (SEM) Philips 505. Per lo studio delle variazioni 
composizionali del substrato attribuibili alla crescita lichenica, sono state eseguite 
analisi per spettrometria di raggi X in dispersione di energia (EDS) sulle sezioni 
stesse, utilizzando il sistema microanalitico EDAX unito al SEM. 

Frazioni dei campioni (tallo + substrato sottostante) sono state polverizzate in 
mortaio di agata e analizzate per diffrattometria ai raggi X (diffrattometro Philips 
1840 con anticatodo in rame - Cuka) per identificare i minerali presenti. 
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Tabella 1: Distribuzione delle specie nel Tempio Etrusco e nelle Terme Romane (le specie presenti oc- 
casionalmente non sono state riportate) 
S = scarso; M = medio; A = abbondante 


TEMPIO TERME 
arenaria intonaco marmo arenaria intonaco laterizi 


Aspicilia calcarea (L.) Mudd S S 
Aspicilia contorta (Hoffm.) Krempelh. 
Aspicilia hoffmannii (Ach) Flag. 

Buellia ambigua (Ach.) Malme 

Caloplaca citrina (Hoffm.) Th. Fr. 

Caloplaca crenularia (With.) Laund. 
Caloplaca teicholyta (Ach.) Steiner 
Candelariella vitellina Mull. Arg. 

Collema tenax (Swartz) Ach. em. Degel. 
Dermatocarpon miniatum (L.) Mann 
Diploicia canescens (Dicks.) Massal. 
Diploschistes actinostomus (Pers.) Zahlbr. 
Diploschistes muscorum (Scop.) R. Santesson 
Diploschistes scruposus (Schreber) Norm. 
Lecania erysibe (Ach.) Mudd s. lat. 
Lecanora albescens (Hoffm.) Flòrke S 
Lecanora campestris (Schaer.) Hue 
Lecanora dispersa (Pers.) Sommerf. 
Lecanora muralis (Schreb.) Rabenh. 
Lecidea fuscoatra (L.) Ach. 

Lecidella stigmatea (Ach.) Hertel et Leuck. 
Lepraria incana (L.) Ach. 

Ochrolechia parella (L.) Massal. 

Parmelia conspersa Ach. 

Parmelia loxodes Nyl. 

Parmelia tiliacea (Hoffm.) Ach. 

Pertusaria amara (Ach.) Nyl. 

Physcia adscendens (Fr.) H. Olivier 
Physcia biziana (Massal.) Zahlbr. 

Physcia orbicularis (Necker) Poetsch. 
Placynthium nigrum (Hudson) Gray 
Scoliciosporum umbrinum (Ach.) Arnold 
Tephromela atra (Huds.) Hafellner 
Verrucaria nigrescens Pers. 

Xanthoria elegans (Link) Th. Fr. 

Xanthoria parietina (L.) Th. Fr. 
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Risultati 


Distribuzione delle specie 


Tempio Etrusco 
La crescita dei licheni è piuttosto uniforme e generalmente abbondante su tut- 
ta l’area del Tempio. Predominano nettamente le specie crostose, ma in alcune 


zone (ad es. sulle pareti verticali dei gradini della scalinata) si osserva un buon svi- 
luppo di specie foliose (v. Tab. 1). 


Le 





Em. 





Fig. 2 - Il Tempio Etrusco di Fiesole 
a: parete del 1953 in Pietra Serena e intonaco; b: zona scavata (1954-62) dopo la stesura della carta 
topografica (1953); c: basamenti in Pietra Serena con lastroni di marmo. 


i bale! 


Le indicazioni di Wirth (1980) sugli indici di tolleranza delle singole specie nei 
confronti di specifici paramentri ambientali offrono utili notizie sull’ecologia del- 
la zona. Ad eccezione di Lecanora dispersa, Physcia adscendens e P. orbicularis, 
la maggior parte delle specie presenti è moderatamente nitrofitica; se ne può de- 
durre che l’eutrofizzazione (apporto di polvere e nitrati) nella zona è a livelli piut- 
tosto bassi. 

Inoltre le specie presenti sono in maggioranza fotofitiche, tollerano cioè un gra- 
do di luminosità piuttosto elevato. 

L’abbondante sviluppo di licheni generalmente osservato non si riscontra sul- 
la superficie della parete più esterna a sinistra della cella (Fig. 2). Tale parete, ri- 
fatta nel 1958, è ricoperta con intonaco a base di cemento. Escludendo diversità 
microclimatiche rispetto alle aree circostanti, sì possono ipotizzare due possibili 
cause di questo modesto sviluppo lichenico: 1) l’età piuttosto recente del muro; 
2) il diverso tipo di substrato, l’intonaco a cemento, che potrebbe influenzare lo 
sviluppo delle specie. Quest’ ultima ipotesi può risultare avvallata dal fatto che su- 
gli scalini di Pietra Serena antistanti la cella riportati alla luce durante la cam- 
pagna di scavo del 1954-62 si osserva invece un discreto sviluppo lichenico. Per 
quanto riguarda l’esposizione all’atmosfera e quindi l’inizio della colonizzazione 
dei licheni, gli scalini di Pietra Serena e l’intonaco a cemento sono coevi: si può 
forse concludere che la Pietra Serena è un materiale più favorevole alla crescita 
dei licheni dell’intonaco cementizio. 

Sui lastroni di marmo che in parte ancora rivestono i basamenti in Pietra Se- 
rena (di età Romana) in prossimità del Tempio Etrusco lo sviluppo dei licheni non 
è molto abbondante, molto meno abbondante che sulla Pietra Serena contigua (dove 
il rivestimento marmoreo non esiste più). Sul marmo si osserva però la crescita 
di Aanthoria elegans, specie quasi del tutto assente sugli altri materiali. 


Terme Romane 


Nelle Terme Romane lo sviluppo dei licheni è discontinuo e meno abbondante 
che nel Tempio Etrusco. L’unica area dove la crescita è discreta è quella dei ru- 
deri della piscina di acqua fredda accanto al Frigidarium (Fig. 1). Le pareti di are- 
naria della piscina sono in più zone ancora intonacate (l’intonaco è probabilmente 
originario). Lo sviluppo dei licheni è notevole sia sull’arenaria che sull’intonaco. 

Salvo l'eccezione della piscina di acqua fredda, la crescita dei licheni è in ge- 
nerale assai più limitata che nel Tempio e nel Teatro; il fenomeno può essere in 
parte dovuto alle condizioni ambientali, giacchè il monumento è addossato su due 
lati (Sud ed Est) alla collina e presenta alcune pareti quasi costantemente in ombra. 

L’eutrofizzazione, nella zona delle Terme, deve essere modesta come nel caso 
del Tempio: la maggior parte delle specie è infatti moderatamente nitrofitica. I li- 
cheni trovati sono inoltre per lo più fotofitici. 


Effetti sui materiali lapidei 


L'indagine microanalitica ha mostrato un diverso effetto delle specie liche- 
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Fig. 3 - Spettro EDS di Ca e K nel tallo (a) di Aspicilia hoffmannii e nella Pietra Serena (b) sulla quale 
cresce. 


niche studiate. 

La crescita su arenaria di Aspiczlia hoffmannii, Diploschistes actinostomus, 
Pertusaria amara e Tephromela atra e la crescita sul marmo di Xanthoria elegans 
provocano modificazioni chimiche nel substrato. Il contenuto di Calcio è infatti 
maggiore entro il tallo che nella zona del substrato interessata dalla penetrazione 
delle ife (Fig. 3, 4, 5), mentre gli elementi Si, K, Fe, Al sono presenti nel tallo ge- 
neralmente in quantità minori che nei substrati lapidei. Un’eccezione è costituita 
da un campione di Aspicilia hoffmannii e da uno di Diploschistes actinostomus 
il cui contenuto di Ferro è in quantità leggermente maggiore entro il tallo che nel 
substrato. 

Inoltre l’analisi per diffrattometria RX ha mostrato che il tallo di tutte le spe- 
cie sopra elencate contiene ossalati di Calcio. 

Diverse sono le conseguenze della crescita di altre specie: Lecanora muralis 
(su marmo e arenaria) e Verrucaria nigrescens (su intonaco, marmo e arenaria). 
In questi casi si osservano soltanto modeste variazioni composizionali in un sottile 
strato superficiale dei substrati (subito sotto ai licheni) dove si evidenzia una pic- 
cola diminuzione del Calcio. 

Il contenuto di questo elemento evidenziato per analisi EDS può corrispon- 
dere ad ossalato di Calcio identificato però, per diffrattometria RX, soltanto in trac- 
ce nel tallo di Lecanora muralis sul marmo. 


LIO 





Fig. 5 - Mappa di distribuzione del Calcio corrispondente alla Fig. 4. Si possono riconoscere le regioni 
ricche di Calcio all’interno del tallo. 
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Fig. 6 - Microfotografia al SEM di Xanthoria elegans sul marmo. Le ife inglobano un clasto de} substrato. 
Profondità 1 mm. 








dimm200kU 965E2 84-06 SE 
Fig. 7 - Microfotografia al SEM di Xanthoria elegans sul marmo. Ife a contatto con il substrato. profon- 
dita | mm. 
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Fig. 8 - Microfotografia al Sem di Verrucaria nigrescens su intonaco. Profondita 1 mm. 


La crescita inoltre di Lecidella stigmatea su laterizi non produce apprezzabili 
modificazioni chimiche sul substrato. 

L'osservazione morfologica al SEM di tutte le specie insieme al relativo substra- 
to, in sezione, ha fornito i seguenti risultati: Aspzcilia hoffmannii, Diploschistes 
actinostomus, Pertusaria amara, Tephromela atra e Xanthoria elegans (Fig. 6, 7) 
penetrano entro tutti i relativi substrati fino ad una profondità di 2 mm; Lecanora 
muralis e Verrucaria nigrescens (Fig. 8) penetrano fino a 1.5 mm; Lecidella stig- 
matea penetra fino a 0.5 mm. Si evidenzia inoltre chiaramente che l’azione mec- 
canica delle ife penetranti provoca una modificazione della struttura originale del- 
la pietra. 


Conciusioni 


L’area comprendente le Terme Romane e soprattutto il Tempio Etrusco rap- 
presenta, analogamente a quanto già osservato nel Teatro Romano (Pallecchi e Pin- 
na, 1988), un ambiente idoneo allo sviluppo di molte specie licheniche. 

I substrati più favorevoli alla crescita risultano essere la Pietra Serena e gli in- 
tonaci a base di calce, mentre il marmo e i laterizi presentano uno sviluppo piut- 
tosto scarso. 
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La colonizzazione lichenica, oltre a provocare variazioni cromatiche delle strut- 
ture, ha conseguenze di tipo meccanico e chimico sul substrato. 

Dagli esami analitici risulta che Aspicilia hoffmannii, Diploschistes actinosto- 
mus, Pertusaria amara e Tephromela atra sull’arenaria e Xantoria elegans sul 
marmo hanno sottratto il Calcio alla pietra concentrandolo nel tallo. Le stesse spe- 
cie sono, tra tutte quelle studiate, le uniche che contengono entro il tallo discrete 
quantità di ossalati di Calcio, composti che possono derivare dalla reazione tra il 
Calcio e l'acido ossalico prodotto dai licheni (Wadsten e Moberry, 1985). Le stesse 
specie penetrano all’interno dei materiali lapidei fino a 2 mm. 

L’effetto sulla Pietra Serena di alcune di queste specie (Aspicilia hoffmannii, 
Diploschistes actinostomus, Tephromela atra) è già stato studiato a proposito del 
Teatro Romano (Pallecchi e Pinna, 1988) e i risultati ottenuti corrispondevano a 
quelli sopradescritti. Se ne può dedurre che le strutture in Pietra Serena e le con- 
dizioni ambientali dell’intera area archeologica sono particolarmente adatte alla 
crescita di queste tre specie, le quali, a loro volta, sono tra quelle che producono 
i maggiori danni al materiale lapideo. 

Per quanto riguarda le altre specie studiate (Lecanora muralis su marmo e are- 
naria, Verrucaria nigrescens su intonaco, marmo e arenaria) è da rilevare che, 
mentre il danno chimico che esse provocano è di modesta entità, il danno mec- 
canico può essere più grave: tali specie penetrano all’interno dei materiali fino a 
1.5 mm, provocando fratture e dislocazioni dei componenti cristallini dei substrati. 
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I LICHENI ENDOLITICI CALCICOLI SU MONUMENTI 
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Abstract: ENDOLITHIC LICHENS ON LIMESTONE MONUMENTS - This paper briefly illustrates the main 
features of endolithic lichens growing on limestone, with particular regard to some species which have 


been found growing on monuments. The action of endolithic lichens on stone is also discussed, with 


some remarks on the possible harmful effects of the application of biocides to remove endolithic li- 
chens from monuments. 


Introduzione 


Gli operatori che si occupano della manutenzione e del restauro di monumenti 
in pietra calcarea tendono spesso a fissare l’attenzione sui licheni epilitici nitro- 
fili. Il motivo è che queste forme sono molto evidenti e spesso vivacemente co- 
lorate, per cui determinano una forte alterazione cromatica delle superfici litiche. 
Tra le specie più appariscenti si possono annoverare Xanthoria calcicola, Can- 
delariella medians, Caloplaca citrina, C. flavescens, C. aurantia, etc. 

Esiste però un secondo gruppo di licheni calcicoli, il cui tallo è profondamente 
infossato nella roccia: si tratta dei licheni cosiddetti ‘‘endolitici‘‘, in genere molto 
meno vistosi di quelli epilitici, anche perché il colore del tallo è spesso simile a 
quello del substrato. Questi organismi appartengono in gran parte ai licheni pi- 
renocarpi, a quelli cioé il cui corpo fruttifero è un peritecio; i generi più frequenti 
su monumenti sono Bagliettoa, Verrucaria, Porina ed Acrocordia. Esistono co- 
munque anche licheni endolitici discocarpi, quali Rinodina immersa, alcune Pro- 
toblastenia, Clauzadea, Caloplaca etc. 

In genere questi licheni sono non o poco nitrofili e relativamente sciafili. Per 
questo motivo occupano spesso le parti basali dei monumenti con esposizione a 
settentrione. Rispetto ai licheni epilitici nitrofili quelli endolitici hanno esigenze 
ecologiche più ristrette, essendo più frequenti su calcari porosi quali il travertino, 
molto più rari su rocce carbonatiche dure e a grana cristallina quali il marmo. 

Tra i licheni crostosi epilitici e quelli endolitici il passaggio non è sempre netto: 
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esistono forme a tallo parzialmente endolitico (licheni emiendolitici), in cui il tes- 
suto pseudocorticale e lo strato gonidiale sono siti sopra la superficie litica, men- 
tre esiste una zona rizoidale, costituita da ife fungine, che penetra più o meno pro- 
fondamente nella roccia. 

Gli studi effettuati da Giacobini et al. (1979, 1987) hanno dimostrato come il 
trattamento con biocidi di superfici litiche attaccate da licheni non sempre per- 
mette di ottenere risultati soddisfacenti; in particolare, i talli endolitici sono i più 
refrattari al trattamento. A questo va aggiunto che l’asporto di licheni endolitici 
con mezzi puramente meccanici è in genere di difficile attuazione, in quanto com- 
porta l’abrasione dello strato superficiale della roccia permeato dalle ife del liche- 
ne. Per questo motivo il trattamento a scopo restaurativo-conservativo di super- 
fici litiche attaccate da licheni endolitici risulta particolarmente problematico. 

Lo scopo di questo lavoro è duplice: da un lato si vuole fornire una prima base 
di informazioni utili ad orientare gli operatori del settore nel trattamento di mo- 
numenti attaccati da licheni endolitici calcicoli, dall'altro si intendono sottolinea- 
re una serie di problemi aperti che richiedono ulteriori ricerche di base. 


Materiali e metodi 


Per illustrare questo lavoro sono stati analizzati campioni di tre specie di li- 
cheni endolitici calcicoli: Bagliettoa parmigerella, Bagliettoa parmigera e Calo- 
placa ochracea, quest’ultima probabilmente ha tallo emiendolitico. 

Ciascun campione è stato sottoposto a tre diverse indagini: 

1 - Osservazione al microscopio stereoscopico di frammenti calcarei ricoperti da 
licheni. 
2 - Osservazione al microscopio metallografico. 

I frammenti di roccia sono stati preventivamente inclusi in resina e successi- 
vamente levigati in modo da ottenere una superficie perfettamente piana con il 
lichene in sezione trasversale. Questa tecnica consente di valutare la posizione del 
tessuto pseudocorticale e dello strato algale rispetto alla superficie della pietra, 


la profondità cui possono arrivare le ife fungine e la loro organizzazione reale al- 
l’interno della roccia. 


3 - Osservazione al microscopio ottico di talli decalcificati. 

La preparazione di sezioni sottili di talli endolitici è praticamente impossibile 
se non si allontana tutto il substrato calcareo in cui è immerso il lichene. Nel caso 
specifico è stata usata una soluzione al 3% di HC] (Fry, 1922) in cui sono stati im- 
mersi i frammenti calcarei. Terminata la decalcificazione i talli sono stati fissati 
ed inclusi in una resina idrosolubile e quindi sono state fatte sezioni sottili di 5-7 
micron. Per aumentare il contrasto le sezioni sono state trattate con coloranti aspe- 
cifici (Blu di toluidina, Violetto cresile e colorazione PAS positiva). 


Struttura del tallo dei licheni endolitici calcicoli 


La morfologia dei licheni endolitici è stata oggetto di un dettagliato studio da 
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Foto 1 - Periteci di Bagliettoa parmigera, ingrandimento 85 X. 





Foto 2 - Peritecio di Bagliettoa parmigerella, ingrandimento 400 X. 

Sezione sottile di tallo decalcificato, colorata con violetto cresile. 

Ben visibile la struttura del tallo lichenico, con le ife più fitte nella parte superficiale, lo strato algale 
costituito da piccoli grappoli di alghe unicellulari e un reticolo lasso di ife nella parte inferiore. Il pe- 
ritecio maturo protrude verso l’esterno con la parte apicale in cui si apre l’ostiolo. 


parte di Fry (1922), cui si rimanda per ulteriori dettagli. 
In questi licheni il tallo, compreso lo strato algale, è completamente immerso 


nella roccia. In una sezione trasversale del tallo è visibile un addensamento delle 
ife nella parte superficiale della roccia, sotto al quale è localizzato lo strato algale. 


Al di sotto dello strato algale le ife si fanno più rade a costituire un reticolo lasso 
che corrisponde topologicamente alla medulla dei licheni crostosi epilitici. Nelle 
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Foto 3 - Peritecio di Bagliettoa parmigerella, ingrandimento 400 X. 
Fotografia al microscopio metallografico di tallo lichenico provvisto di substrato. 


Ben visibili lo strato algale in prossimità della superficie della roccia, un peritecio in formazione all'in- 
terno della roccia e la cavità lasciata da un peritecio sulla superficie litica. 


parti dei talli in cui la crescita è più intensa, e cioè al margine e nella porzione 
più profonda, appaiono numerose ife a cellule rigonfie, e piene di una sostanza 
oleosa. Secondo Fry (1922) questa sarebbe un prodotto di rifiuto formatosi in con- 
dizioni di basso tenore di azoto, forti concentrazioni di carbonato di calcio e di ani- 
dride carbonica derivante dagli intensi processi di respirazione legati alla crescita. 

Il grado di penetrazione in profondità dipende dalla specie del lichene, dall’e- 
tà del tallo e dal tipo di substrato. Secondo Smith (1921) le rizine di alcuni licheni 
calcicoli epilitici possono penetrare nella roccia sino a 15 mm di profondità, men- 
tre Syers (1964) riporta uno spettro di penetrazione, basato sullo studio di più spe- 
cie, che va da 0.3 a 16 mm. 

I corpi fruttiferi del fungo (periteci) si originano anch’ essi all’interno della roc- 
cia (Fig. 1; Fig. 2), da cui protrudono, a maturità, per la parte apicale. Essi for- 
mano quindi un incavo che, alla caduta del corpo fruttifero, appare come una pro- 
fonda depressione (Fig. 3). La cavità può essere rapidamente occupata da uno stra- 
to pseudocorticale e gonidiale (Fry, 1922), oppure dalla ricristallizzazione di car- 
bonato di calcio proveniente dalle acque dilavanti. 

La superficie dei talli endolitici presenta una caratteristica micromorfologia: 
da un lato essa appare crivellata dalle depressioni prodotte dai periteci (Fig. 4), 
dall’altro, nelle zone di contatto tra diversi talli, appartenenti aila stessa o a più 
specie, è a volte evidente una rete di piccoli solchi che separano le porzioni cen- 
trali, sollevate, dei talli (Fig. 5). In casi estremi questo reticolo fa assumere alla 
superficie della roccia un caratteristico aspetto a ‘‘mosaico‘‘. Non è ancora chiaro 
quali siano le cause che determinano la formazione della struttura a mosaico. Un’i- 
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Foto 4 - Bagliettoa parmigera, ingrandimento 25 X. 
Depressioni prodotte da periteci sulla superficie litica. 





Foto 5 - Baygliettoa parmigera: mosaico di talli endolitici, ingrandimento 25 X. Microsolchi, spesso sog- 
getti a fenomeni di microcarsismo, nelle zone di contatto tra talli diversi. 


potesi, da sottoporre a verifica, sarebbe che nelle parti periferiche dei talli, dove 
lo strato gonidiale è assente e lo strato pseudocorticale molto sottile, sì impostino 
dei fenomeni di microcarsismo tendenti alla dissoluzione della roccia; si forme- 
rebbe quindi un microreticolo idrografico, tendente ad approfondirsi; le parti cen- 
trali del tallo, protette dal tessuto pseudocorticale e dallo strato gonidiale, sareb- 
bero invece meno soggette a fenomeni di microcarsismo, e questo spiegherebbe 
il fatto che esse appaiono rilevate rispetto alle parti marginali. Se questa ipotesi 
si rivelasse corretta, essa confermerebbe le affermazioni di Smith (1962) e di Lal- 
lemant & Deruelle (1978) secondo cui alcuni licheni eserciterebbero addirittura una 
funzione di protezione contro gli agenti fisico-chimici delle superfici litiche sot- 
tostanti. 
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Meccanismi di alterazione delle rocce carbonatiche 


L’insediamento di organismi su materiale lapideo avviene solo dopo che que- 
sto ha già subito un processo di alterazione dovuto all'esposizione agli agenti at- 
mosferici. La fenomenologia di attacco e i meccanismi di alterazione sono funzio- 
ne del tipo di substrato, delle condizioni ambientali in cui il manufatto si trova 
e dello stato di conservazione delle sue superfici. I licheni che si insediano sulle 
superfici molto porose o comunque già deteriorate esercitano un'azione dannosa 
sia di tipo meccanico che di tipo chimico, ed è evidente che simili fenomeni de- 
generativi sono particolarmente distruttivi se il substrato è rappresentato da mo- 
numenti. 

L'azione aggressiva di tipo meccanico è dovuta a due fattori: la penetrazione 
delle ife fungine nelle microfratture della roccia e le espansioni e contrazioni del 
tallo corrispondenti a diversi stati di idratazione (Lindsay, 1856; Smith, 1921; Fry, 
1922, 1924, 1927; Perez-Llano, 1944; Levin, 1949). In questo modo sulle pareti del- 
le fessure sì creano degli sforzi tensoriali che inducono lo sfaldamento delle su- 
perfici litiche. È probabile che l’alterazione meccanica prodotta dai licheni non 
sia successiva all’alterazione biochimica, ma piuttosto si tratti di una fase preli- 
minare in quanto le ife che si introducono nelle fessure della roccia e vi si con- 
centrano possono rilasciare soluzioni chimiche corrosive (Fry, 1924). 

L’alterazione chimica invece è molto più grave di quella meccanica perché le 
sostanze rilasciate dalle ife sono responsabili della solubilizzazione, per una pro- 
fondità di qualche millimetro, dei minerali che costituiscono il substrato. Questa 
azione solubilizzatrice provoca un aumento della porosità della roccia e quindi l’e- 
sposizione ad altri agenti inquinanti di superfici più ampie. 

I principali responsabili dell'aggressione chimica sembrano essere gli acidi li- 
chenici, l’anidride carbonica e l'acido ossalico. 

Gli acidi lichenici sono sostanze scarsamente solubiliin acqua, riconosciuti come 
agenti chelanti. La reazione di queste sostanze con i minerali inclusi nella roccia 
e la formazione di complessi insolubili (Iskandar & Syers, 1971), non sembra però 
essere particolarmente importante nella dissoluzione del calcare (William & Ru- 
dolph, 1974). 

L'anidride carbonica derivante dalla respirazione è parzialmente responsabile 
della alterazione della roccia nelle vicinanze del lichene (Fry, 1922). Il biossido di 
carbonio si scioglie in acqua e viene trattenuto nelle fessure e nei pori della roc- 
cia. La presenza di acido carbonico determina una maggior solubilità del calcare 
ela formazione di bicarbonati solubili che possono essere dilavati, o ricristalizzare 
nuovamente in carbonato di calcio e formare delle incrostazioni. 

La grande quantità di cristalli di ossalati osservati attorno alle ife e sui talli di 
licheni sassicoli (Smith, 1921), fece pensare che il lichene producesse l’acido os- 
salico. In effetti è stato dimostrato che è il fungo a produrre l’acido ossalico (Syers 
& Iskandar, 1973; Jones et al. 1980; Wilson et al. 1981) in quanto la dissoluzione 
della roccia osservata sulla superficie di contatto con il tallo lichenico è analoga 
a quella che si ottiene simulando un aggressione in vitro delle rocce con acido os- 
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salico (Ascaso et al., 1982). 
Misure di intervento 


I risultati poco soddistacenti ottenuti da Giacobini et al. (1979, 1987) nel trat- 
tamento di superfici litiche attaccate da licheni endolitici con biocidi derivano pro- 
babilmente dal fatto che la maggior parte dei talli lichenici è costituita da ife fun- 
gine a parete composta da una sostanza chitinosimile. La chitina, un composto ge- 
neralmente raro nel regno vegetale, molto più frequente in quello animale (è il 
principale costituente dell’esoscheletro degli artropodi), viene decomposta molto 
difficilmente. Uno dei pochi organismi in grado di decomporre la chitina è il Ba- 
cillus chitinesus, un batterio che vive di norma nel suolo. L'applicazione di bio- 
cidi determina la morte delle alghe simbionti e generalmente anche delle cellule 
fungine. Nei licheni crostosi epilitici ciò sì traduce in una perdita di consistenza 
del tallo, che inizia a frammentarsi e a volte anche a staccarsi dal substrato per 
cause fisiche. Un trattamento di questo tipo, in tale caso, può soltanto facilitare 
l’asporto meccanico dei talli lichenici. Tuttavia, quest’ultimo non presenta di nor- 
ma particolari difficoltà nel caso di licheni epilitici. A nostro parere, un pretrat- 
tamento con biocidi sarebbe consigliabile soltanto nel caso si volessero asportare 
licheni epilitici riproducentisi per via vegetativa: in tale modo verrebbe eliminata 
una grande quantità di propaguli (soredi od isidi), il che potrebbe costituire un in- 
tervento di tipo preventivo contro la ricolonizzazione del substrato (Nimis et al., 
1987). Nel caso di licheni nitrofili, che hanno crescita piuttosto rapida, sarebbe 
anche importante associare all’azione distruttiva degli interventi preventivi, atti 
ad abolire le cause dell’eutrofizzazione. 

Nel caso invece dei licheni endolitici, il trattamento con biocidi, pur deter- 
minando la morte di alghe e funghi, non si traduce in risultati evidenti a breve 
termine in quanto le ife fungine, di difficile decomposizione, permangono lunga- 
mente nella roccia. La morte e decomposizione delle cellule algali determina la for- 
mazione di uno strato permeabile all’acqua al di sotto della porzione pseudocor- 
ticale, che comunque si mantiene a lungo in quanto costituita da ife fungine. La 
degenerazione del tallo lichenico procede con la desquamazione dello strato pseu- 
docorticale, che si stacca a piccole scaglie, lasciando libera una superficie a strut- 
tura spugnosa sottostante a quello che era lo strato gonidiale. Il risultato è che un 
tale tipo di intervento determina l'esposizione di una superficie litica molto più 
soggetta all'attacco da parte di agenti atmosferici (fenomeni di microcarsismo, as- 
sorbimento di inquinanti etc.) di quanto non avvenisse in presenza di un tallo li- 
chenico vivo. La velocità di questi processi non è nota, ma è presumibile che sia 
piuttosto lenta. A Lucus Feroniae, nei dintorni di Roma, abbiamo osservato la de- 
squamazione di talli endolitici morti crescenti su colonne che erano state a lungo 
interrate. La composizione chimica delle sottili scaglie mostrava una forte con- 
centrazione di ossalati. L'aspetto macroscopico e le caratteristiche fisiche delle sca- 
glie stesse ricordavano fortemente le patine riscontrate su diversi manufatti di epo- 
ca romana, quali ad esempio la Colonna Traiana. Non è da escludere che tali pa- 
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tine siano, almeno in parte, anche di origine biologica, e rappresentino vecchi talli 
di licheni endolitici in via di desquamazione, anche tenendo conto del fatto che 
molti manufatti litici dei Fori Romani sono a tutt’oggi ricoperti, almeno alla base, 


da specie endolitiche. Questa ipotesi andrebbe comunque verificata con uno a stu- 
dio ad hoc. 


Conclusioni 


Dalle considerazioni esposte sopra si può concludere che il trattamento di su- 
perfici litiche attaccate da licheni endolitici a scopo restaurativo/conservativo ri- 
sulta particolarmente difficile, e sconsigliabile nella maggior parte dei casi. Un trat- 
tamento con biocidi determina l’esposizione di una superficie porosa, facilmente 
aggredibile da agenti fisico-chimici o biologici. L’asporto meccanico, per la natura 
stessa dei talli endolitici, comporta inevitabilmente l’abrasione di uno strato su- 
perficiale di spessore variabile. 

In particolare, nel trattamento chimico o meccanico di manufatti parzialmen- 
te ricoperti da licheni epilitici, si dovrà prestare la massima attenzione alla pre- 
senza, su parti del manufatto, di eventuali forme endolitiche, per evitare effetti 
collaterali non desiderati. 

Fortunatamente, le forme licheniche calcicole a tallo endolitico non deter- 
minano, in generale, una forte alterazione cromatica della roccia, e quindi il loro 
asporto andrebbe limitato soltanto ad alcuni casì altamente specifici. 


Riassunto. I licheni endolitici comprendono sia forme pirenocarpe che forme discocarpe; le prime sono 


molto più frequenti su substrato calcareo. Nei licheni endolitici calcicoli il tallo sì trova completamente 
infossato all’interno della roccia, ed è costituito da uno strato pseudocorticale superficiale, da uno stra- 


to gonidiale contenente le alghe, e da uno strato, ad esso sottostante, formato da ife a tessitura lassa. 
La formazione dei corpi fruttiferi, che sono parzialmente o totalmente immersi nella roccia, determina 
fenomeni di ‘‘pitting‘‘, particolarmente evidenti in talune specie. Gli interventi di asporto dei licheni 
endolitici calcicoli a scopo restaurativo-conservativo sono particolarmente difficili. Il motivo principale 
è dato dal fatto che la decomposizione delle ife fungine è molto più lenta di quella delle cellule algali: 


si determina quindi la formazione di uno spazio vuoto, un tempo occupato dallo strato gonidiale, di- 
sposto sotto la parte pseudocorticale morta e non ancora decomposta. Tale spazio può venir invaso dal- 


l’acqua, e ciò può determinare, soprattutto nei mesi più freddi, la desquamazione dello strato super- 
ficiaie. In questo modo viene esposta all’aria una superficie fortemente porosa, che si presta facilmente 
ad attacchi da parte degli agenti atmosferici o di sostanze inquinanti. 
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